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PREFACE 


The  Permian  Period  is  remarkable  in  many  respects 
and  represents  a  critical  turning  point  in  geological 
history.  Not  only  does  it  mark  the  terminal  stage 
of  the  Palaeozoic  Era,  it  also  spans  a  geological 
interval  during  which  the  physical  world  under¬ 
went  significant  changes  in  palaeogeography, 
palaeoclimatology  and  palaeobiogeography.  The 
last  decade  has  witnessed  significant  advances 
in  our  understanding  of  the  Permian  System, 
especially  in  the  areas  of  chronostratigraphy,  bio¬ 
stratigraphy,  palaeogeography,  plate  tectonics  and 
palaeobiogeography.  It  was  with  these  in  mind 
that  we  organised  the  Strzelccki  International 
Symposium  on  ‘The  Permian  of  Eastern  Tcthys: 
Biostratigraphy,  Palaeogeography  and  Resources’. 
The  symposium  was  held  at  the  Rusden  Campus 
of  Deakin  University,  Clayton,  Victoria,  Australia, 
between  30  November  and  3  December  1997. 
The  conference  was  organised  in  conjunction  with 
the  business  meetings  of  the  International  Sub¬ 
commission  on  the  Permian  System  and  the  Inter¬ 
national  Geological  Correlation  Program  (IGCP) 
Project  No.  359:  ‘Correlation  of  Tcthyan,  Circum- 
Pacific  and  Marginal  Gondwanan  Permo-Triassic’. 

The  international  conference  was  dedicated  to 
the  200th  Anniversary  of  the  birth  of  Sir  Paul 
Edmund  Strzelecki.  Sir  Paul  Strzelccki  (1797— 
1873)  was  bom  on  20  July  1797  at  Gluszyna  near 
Pozan  of  the  old  Polish  Nobility.  Strzelccki  was 
an  explorer  of  the  Americas,  Hawaii  and  the  British 
colonies  of  New  South  Wales  and  Van  Diemen’s 
Land  (now  the  states  of  New  South  Wales,  Victoria 
and  Tasmania  of  the  Commonwealth  of  Australia). 
During  the  course  of  his  extensive  southeastern 
Australian  explorations,  Strzelecki  studied  the 
Permian  sequences  of  the  Sydney  and  Tasmanian 
Basins  and  collected  the  first  comprehensive  suites 
of  fossils  from  these  basins.  Strzelecki’s  Australian 
exploration  spanned  from  1839  to  1843  inclusive. 

The  conference  was  attended  by  over  70 
colleagues  from  16  countries.  Presentations  on  a 
range  of  topics  were  broadly  grouped  under  seven 
main  themes:  Permian  stratigraphy,  sedimentology 
and  palaeontology  of  peri-Gondwanan  and  eastern 
Asian  terranes;  antitropical  distribution  of  Permian 
biota  and  biostratigraphical  and  palacoclimatic  im¬ 
plications;  Permian  palaeogeography  and  climate 
of  Eastern  Tethys;  Permian  migration  pathways  of 


biotas  in  Eastern  Tethys;  correlation  of  Permian 
sequences  between  Tethyan,  Gondwanan  and 
Boreal  Realms;  distribution  of  Permian  coal 
deposits  in  relation  to  climate  and  palaeogeography; 
and  geochronology  and  boundaries  of  the  Permian 
Period/System.  In  total,  82  abstracts  were  received, 
of  which  some  50  papers  were  presented  orally 
and  eight  as  posters.  This  volume  represents  a 
sample  of  the  papers  presented  and  consists  of 
29  papers.  In  accordance  with  the  original  themes, 
we  have  grouped  the  papers  under  four  main 
headings:  general  papers;  biostratigraphy  and 
correlation;  palaeobiogeography;  and  palaeo¬ 
geography  and  tectonic  evolution. 

Each  of  the  papers  included  in  this  volume  was 
reviewed  by  at  least  two  peers  selected  worldwide. 
This  process  has  taken  much  of  the  time  used  for 
compiling  the  volume.  To  this  end,  we  would  like 
to  express  our  thanks  to  the  following  individuals 
who  reviewed  one  or  more  of  the  papers  for  this 
volume:  N.  W.  Archbold,  J.  Backhouse,  H.  J. 
Campbell,  J.  M.  Dickins,  C.  B.  Foster,  B.  F. 
Glenister,  Jin  Yugan,  P.  Jell,  N.  G.  Lane,  Liu 
Guanghua,  C.  G.  Maples,  I.  Metcalfe,  A.  H.  G. 
Mitchell,  S.  McLoughlin,  J.  T.  Parrish,  Shu-zhong 
Shen,  G.  R.  Shi,  D.  Spencer-Jones,  C.  Spinosa, 
B.  K.  Tan,  J.  Tazawa,  B.  R.  Wardlaw,  J.  B. 
Waterhouse,  G.  D.  Webster  and  A.  M.  Ziegler. 

We  would  also  like  to  record  our  thanks  to 
the  financial  sponsors  of  the  conference:  Deakin 
University  (especially  the  Faculty  of  Science 
and  Technology  and  School  of  Ecology  and 
Environment),  The  Geological  Society  of  Australia 
(Victorian  Division),  The  Royal  Society  of  Victoria, 
and  the  International  Geological  Correlation 
Program  (IGCP)  Project  No.  359. 

Finally,  we  would  also  like  to  express  our 
gratitude  to  many  of  our  students,  both  post¬ 
graduates  and  undergraduates,  whose  efforts 
ensured  a  smooth  delivery  of  the  conference. 

Guang  R.  Shi,  Neil  W.  Archbold  and 

Monty  Grover 

School  of  Ecology  and  Environment 

Rusden  Campus 

Deakin  University 

662  Blackburn  Road 

Clayton,  Victoria  3168,  Australia 
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In  1997  the  bicentenary  of  the  birth  of  a  distinguished  scientist,  Sir  Paul  Edmund  Strzelecki 
(1797-1873)  was  celebrated.  Strzelecki  spent  four  years  (April  1839-April  1843)  in  Eastern 
Australia,  mapping  the  rocks  and  collecting  many  rock,  mineral  and  fossil  specimens,  particularly 
from  two  important  Permian  successions:  (a)  in  the  Sydney  Basin;  and  (b)  in  Tasmania. 

Strzelecki  was  geologising  in  Australia  when  Sir  Roderick  Murchison  had  begun  his  study 
of  Russian  geology  that  was  to  see  the  introduction  of  the  term  Permian  into  stratigraphic  use. 

Strzelecki's  time  in  Australia  also  coincided  with  the  arrival  of  long-time  resident  geologist 
Rev.  W.  B.  Clarke,  the  ill-fated  explorer  Ludwig  Leichhardt  and  short  term  visits  by  James 
Dwight  Dana  and  J.  Bectc  Jukes,  all  of  whom  contributed  to  unravelling  the  story  of  the 
Australian  Permian. 

Initially  Strzelecki’s  subdivision  of  the  Australian  rocks  was  made  on  the  basis  of  recognising 
'epochs'  (using  an  essentially  descriptive  method).  Strzelecki  defended  this  method  in  his  book 
Physical  Description  of  New  South  Wales  and  Van  Diemen's  Land,  published  in  1845,  stating 
that  geological  nomenclature  (i.e.  the  modem  stratigraphic  terminology)  applied  to  Australian 
rocks  at  that  time  would  imply  ‘identities  with  eras  of  deposition  in  other  parts  of  the  world'. 

Although  his  book  was  essentially  complete  when  he  left  Australia  Strzelecki  modified  it 
before  publication  in  England  in  1845  by  the  addition  of  detailed  descriptions  of  the  fossils 
he  had  collected.  The  fossil  plants  and  invertebrates  were  studied  by  John  Morris,  William 
Lonsdale  and  George  B.  Sowerby,  while  Richard  Owen  examined  the  marsupial  remains. 

Strzelecki  was  happy  to  place  the  older  material  in  the  Palaeozoic,  although  Morris  more 
specifically  described  the  fossil  plants  as  being  Carboniferous.  The  term  Permian  did  not  appear 
in  this  book,  which  was  published  about  the  time  Murchison  was  formally  defining  the  period. 
Of  the  early  geologists,  Dana,  the  short-term  American  visitor,  was  first  to  accept  the  Permian 
age  of  much  of  the  succession  in  the  Sydney  Basin,  publishing  his  results  in  1849. 

Aspects  of  the  Australian  Permian  story  up  to  the  1880s  can  be  traced  from  the  discovery 
of  fossils  by  Robert  Brown  in  1804,  their  description  in  the  1820s,  through  the  work  of 
Thomas  Mitchell,  Strzelecki,  Jukes,  Clarke  and  Dana,  Frederick  M’Coy  and  later  by  Robert 
Etheridge  Jnr  in  Australia,  and  by  European  researchers  such  as  Alceste  D’Orbigny,  L.  Dc 
Koninck  and  Ottakar  Feistmantel. 

Strzelecki’s  work  was  the  first  attempt  to  establish  a  stratigraphy  for  Australia.  His  epic 
travels,  his  mapping,  including  some  excellent  cross-sections,  combined  with  his  astute  collecting, 
made  a  significant  contribution  to  Australian  geology,  and  to  the  study  and  understanding  of 
what  later  were  recognised  as  Permian  rocks. 


IN  1997  wc  celebrated  the  bicentenary  of  the  birth 
of  a  distinguished  scientist.  Sir  Paul  Edmund 
Strzelecki  (1797-1873)  (Fig.  1).  Strzelecki  spent 
four  years  (April  1839-April  1843)  in  Eastern 
Australia,  mapping  the  rocks  and  collecting  many 
rock,  mineral  and  fossil  specimens,  particularly 
from  two  important  Permian  successions:  (a)  in  the 
Sydney  Basin;  and  (b)  in  Tasmania. 

Strzelecki  was  geologising  in  Australia  when 
Roderick  Murchison  had  begun  his  study  of  Russian 
geology  that  was  to  see  the  introduction  of  the 
term  Permian  into  stratigraphic  use.  In  1843 
Murchison  pursued  the  Permian  rocks  in  Germany, 
accompanied  by  John  Morris  who  was  later  to  play 
an  important  part  in  Strzelecki’s  story.  This  paper 


outlines  Strzelecki’s  geological  work  in  Australia, 
discusses  his  geological  background  and  examines 
his  place  in  the  development  of  the  understanding 
of  the  Australian  Permian. 

THE  BACKGROUND  TO 
PAUL  EDMUND  STRZELECKI 

Paul  Edmund  Strzelecki  was  bom  in  June  1797  at 
Gluzyma,  near  Posnan,  Poland,  and  left  his  home¬ 
land  for  ever  in  1825.  Despite  rumours,  he  docs 
not  appear  to  have  attended  any  university,  but  a 
good  basic  education,  a  quick  mind,  hard  work 
and  a  pleasant  personality  that  gave  him  easy  access 
to  important  and  influential  people,  enabled  him 
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Fig.  1.  Paul  Edmund  Strzelecki. 


to  educate  himself  to  a  high  level.  He  became 
interested  in  agriculture,  soils  and  geology  before 
he  left  Poland,  but  developed  his  knowledge  in 
these  areas  by  travel  through  western  Europe, 
particularly  France  and  the  United  Kingdom,  where 
he  felt  particularly  at  home.  At  this  lime  he  was 
certainly  recording  his  observations  and  other  data 
in  notebooks,  but  with  no  apparent  object  in  view. 

On  8  June  1834  Strzelecki  set  out  on  a  journey 
that  took  him  first  to  the  New  World  and  on  to 
Australia.  Whether  it  was  just  wanderlust  or  part 
of  a  definite  plan  is  uncertain,  but,  at  that  time, 
he  probably  had  nothing  more  than  just  a  desire 
to  see  the  world.  Although  he  spent  more  than 
two  years  in  the  Americas  we  don’t  know  much 
of  his  travels  in  North  and  South  America,  although 
Paszkowski  (1997)  has  attempted  to  Till  in  this 
gap.  Certainly  his  travels  were  extensive  and  they 


gave  him  increased  knowledge  of  mineral  deposits, 
which  he  saw  in  the  Great  Lakes  region  of  Canada, 
where  he  was  for  more  than  a  year  (Strzelecki 
1847).  He  travelled  the  Eastern  Seaboard  from 
New  York,  south  to  Charleston,  and  north  to  Boston 
and  Niagara.  He  also  went  to  Cuba  and  Mexico 
and  up  the  Mississippi  River. 

From  the  USA  he  travelled  to  Brazil,  including 
its  mineral-rich  provinces,  crossed  the  Andes  to 
Chile  (quite  a  feat  in  those  days  when  Charles 
Darwin  was  visiting  the  same  region),  then  travelled 
north  to  California,  taking  the  chance  to  visit 
mining  fields  whenever  possible.  He  was  also 
shamed  by  ‘man’s  inhumanity  to  man’  when  seeing 
slave  ships  and  slavery  (Strzelecki  1845). 

His  personality  gained  him  the  offer  of  travel 
through  the  islands  of  the  Pacific  on  board  HMS 
Fly  (Captain  Russell  Elliott),  and  his  visit  to  the 
big  island  of  Hawaii  saw  his  first  published 
geological  article,  a  description  of  Kiluaca  volcano, 
climbed  about  the  same  lime  by  James  Dwight 
Dana  of  the  American  Wilkes  Expedition. 

Strzelecki  (1838)  wrote  "...  the  sunken  furnace 
of  Kirauea  ...  presenting  one  of  the  sublimest 
scenes  of  nature,  the  interest  inspired  . . .  can  only 
be  rivalled  by  ...  awe.  It  is  no  small  effort  to 
recall  the  attention  from  the  vague  contemplation 
of  that  scene  to  the  calm  investigation  of  facts  and 
phenomena  before  us.’  Strzelecki  goes  on  to  give 
details  of  the  size  of  the  crater,  the  care  required 
to  get  down  towards  the  lava,  the  indication  of 
variations  in  activity  enshrined  in  the  walls  of  the 
crater,  and  the  specific  features  of  six  active  small 
vents. 

‘No  pen  or  pencil  could  adequately  describe  the 
stupendous  grandeur  of  that  ceaseless  impetuosity 
and  fury  of  the  incandescent  matter  which  is 
produced  in  these  reservoirs  by  the  violence  and 
intensity  of  heat;  or  of  those  fierce  and  glowing 
waves  which,  continuing  to  beat  and  splash  against 
the  walls  of  the  reservoirs,  produce  a  floating  froth 
spun  out  by  currents  of  air,  in  a  form  of  capillary 
glass,  similar  to  that  of  a  floating  gossamer.’  This 
description  was  noted  by  Dana  who  was  still 
referring  to  it  as  late  as  1891. 

Strzelecki  saw  more  evidence  of  volcanic  acti¬ 
vity,  but  now  extinct,  on  Tahiti,  before  travelling 
on  to  New  Zealand.  From  the  Bay  of  Islands  he 
saw  a  little  of  the  geology  of  the  northern  part 
of  the  North  Island,  before  reaching  Sydney  in 
April  1839. 

Details  of  Strzclccki’s  life  can  be  found  in  a 
number  of  publications,  including  Rawson  (1953), 
Heney  (1961),  Babicz  et  al.  (1978)  and  more 
recently  Paszkowski  (1997),  and  will  not  be  given 
here. 
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AUSTRALIAN  TRAVEL 

Strzelecki  spent  three  months  in  Sydney  making 
friends,  before  setting  off  to  the  Blue  Mountains 
and  beyond  to  gain  his  first  real  impressions  of 
Australian  geology.  He  and  his  companions  had  a 
very  difficult  physical  time  in  the  deep  gorges  of 
the  Blue  Mountains,  which  at  that  time  were 
virtually  unexplored,  but  the  apparent  consistency 
of  the  geology  led  Strzelecki  to  remark  that  the 
geology  there  was  lame,  which  it  could  be  regarded 
as  being  in  comparison  with  the  Andes,  and  even 
Hawaii.  At  this  time  Strzelecki  was  inclined  to 
think  the  sandstones  of  the  Blue  Mountains  were 
very  young. 

In  his  visit  to  the  region  Strzelecki  gives  a 
graphic  description  of  a  romantic  landscape  *. . . 
yawning  chasms,  deep  winding  gorges,  and  fright¬ 
ful  precipices.  Narrow,  gloomy,  and  profound, 
these  stupendous  rents  in  the  bosom  of  the  earth 
are  enclosed  between  gigantic  walls  of  a  sandstone 
rock,  sometimes  receding  from,  sometimes  fright¬ 
fully  overhanging  the  dark  bed  of  the  ravine,  and 
its  black  silent  eddies,  or  its  foaming  torrents  of 
water.  Everywhere  the  descent  into  the  deep  recess 
is  full  of  danger,  and  the  issue  almost  impracticable. 
The  writer  of  these  pages,  engulfed  in  the  course 
of  his  researches,  in  the  endless  labyrinth  of  almost 
subterranean  gullies  of  Mount  Hay  and  the  River 
Grose,  was  not  able  to  extricate  himself  and  his 
men  until  after  four  days  of  incessant  fatigue, 
danger,  and  starvation.  The  ascent  of  Mount  Hay, 
when  these  difficulties  are  once  surmounted,  repays 
richly  the  exertion  and  fatigues  which  it  entails.’ 

His  travels  west  and  northwest  took  him  into 
areas  where  Lower  Palaeozoic  rocks  were  exposed. 
And  on  this  trip  he  noted  the  existence  of  gold, 
one  matter  which  was  to  concern  him  some 
fifteen  or  so  years  later.  In  addition  to  his  writing 
Strzelecki  also  put  down  his  geological  observations 
on  a  large  map  and  drew  large-scale  cross-sections 
to  explain  the  geology  of  the  region. 

Returning  to  Sydney,  Strzelecki  met  Rev.  W.  B. 
Clarke  (Fig.  2)  and  J.  D.  Dana  (Fig.  3),  both  newly 
arrived  in  the  colony,  Clarke  to  become  the  doyen 
of  Australian  geology  over  the  next  forty  years, 
while  Dana  spent  only  several  months  in  the  colony 
(but  they  were  very  productive  months).  The  ships 
of  the  Wilkes  expedition  (of  which  Dana  was  a 
scientific  member)  had  entered  Sydney  Harbour  at 
night  and  caused  a  sensation  when  they  were 
observed  early  next  morning,  near  panic  being 
averted  as  the  worthy  citizens  learnt  it  wasn’t  an 
invading  Russian  Fleet !  The  three  geologists  got 
together  (although  it  is  not  absolutely  established 
that  Dana  was  there)  and  apparently  hugely  enjoyed 


discussion  and  the  wine  and  food  at  a  big  party 
reception  for  the  expedition,  Strzelecki  excelling 
with  his  reply  to  a  toast  to  Poland  and  Freedom. 

It  seems  to  have  been  about  this  time  that 
Strzelecki  decided  there  was  an  opportunity  for 
himself  to  make  a  contribution  to  science  by 
studying  the  geology  of  New  South  Wales,  and 
particularly  by  preparing  a  map  to  show  the 
variations  which  occurred.  As  mentioned  above 
he  had  in  fact  begun  the  map,  and  had  prepared 
a  cross-section  from  Bathurst  to  Sydney.  Although 
the  topographic  base  maps  of  the  day  were  quite 
sketchy,  Thomas  Mitchell,  Surveyor-General,  and 
his  assistants  having  only  been  able  to  survey  the 
region  near  Sydney  to  any  degree  of  accuracy, 
Strzelecki  was  able  to  work  on  a  scale  of 
1 : 250  000. 

Through  the  social  network  Strzelecki  found  that 
James  Macarthur  of  Parramatta,  son  of  Hannibal 
Macarthur,  was  planning  to  journey  to  the  coast 
near  Bass  Strait  looking  for  new  pastures  (in  the 
area  now  known  as  Gippsland).  On  27  December 
1839  Strzelecki  left  Camden  Park,  the  seat  of 
another  member  of  the  Macarthur  clan,  and 
travelled  through  the  sparsely  settled  areas  to  the 
Murrumbidgee  River  and  on  to  Ellerslie  Station 
near  Adelong.  Here,  in  February  1840,  Macarthur 
and  James  Riley,  with  several  servants,  joined  him. 
Writing  to  his  friend  Thomas  Brook  in  London 
from  Ellerslie  Riley  noted  ‘There  is  a  Polish 
Count — a  great  geologist  and  very  scientific.  From 
this  [Ellerslie]  we  have  the  head  of  the  Hume 
thence  across  to  Lake  Omeo.  We  then  follow  the 
snowy  mountains  down  the  eastern  side  to  Wilsons 
Promontory  or  Comer  Inlet  where  we  intend  to 
form  our  stations’  (Riley  papers  1840).  A  rough 
sketch  map  (an  original  by  Strzelecki,  dated 
26  June  1840),  lodged  with  the  Riley  papers, 
shows  the  route  marked  in  red,  with  names, 
including  Mt  Buller,  Mt  Gisborne,  Mt  Gibbo, 
Mt  Kosciuszko),  signed  on  the  back  ‘to  his  fellow 
monkey  cater,  Riley’. 

Travelling  south  to  the  Murray  River  and  what 
is  now  Victoria,  Strzelecki  was  attracted  by  the 
high  country  he  had  been  seeing  to  the  east,  and 
persuaded  Macarthur  to  divert  a  little.  From  the 
Upper  Murray  Strzelecki  made  an  onslaught  on 
what  he  believed  was  the  highest  mountain,  naming 
it  Kosciuszko  for  the  Polish  patriot,  because  of  the 
resemblance  of  the  mountaintop  to  a  monument 
to  Kosciuszko  built  near  Cracow.  The  arguments 
that  have  continued  about  which  peak  Strzelecki 
conquered  and  other  aspects  of  the  early  exploration 
of  the  high  country  have  been  discussed  by 
Clews  (1973),  Andrews  (1979,  1991),  Rawson 
(op.  cit.),  Paszkowski  (op.  cit.)  and  others,  and 
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Fig.  2.  Rev.  W.  B.  Clarke  (Mitchell  Library). 


will  not  be  further  considered  here.  However 
Strzelccki  certainly  made  the  public  aware  of  the 
high  country,  the  Australian  Alps. 

The  expedition  continued  south,  crossing  some 
very  rough  country  to  Lakes  Entrance,  but  they 


encountered  most  difficulty  west  from  here  (now 
the  Strzclecki  Ranges)  where  dense  scrub  and 
shortage  of  water  hindered  their  progress,  and 
they  were  in  desperate  straits,  surviving  on  native 
flora  and  fauna  (including  koalas — ‘Monkeys’) 
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Fig.  3.  J.  D.  Dana. 


when  they  eventually  reached  the  settled  area 
east  of  Port  Phillip  (now  Melbourne)  in  May  1840 
(Fig.  4). 

Strzelecki’s  report  of  the  journey  (in  which  he 
named  the  area  Gippsland  for  Governor  Gipps) 
attracted  considerable  attention  in  Port  Phillip  and 
in  Sydney,  when  news  of  their  safe  arrival  reached 
it.  Again  there  was  controversy,  this  time  fairly 
rapidly,  as  there  were  already  settlers  in  Gippsland, 
and  they  were  not  happy  that  their  ‘paradise’  was 
being  revealed,  and  might  attract  others  to  share 
the  potential  wealth. 

The  report  also  shows  Strzelecki’s  attachment  to 
a  rather  Wernerian  approach  to  geology,  what  is 
better  called  geognosy  (‘the  observational  science 
which  considers  the  arrangement  of  minerals  in  the 
crust  and  their  topographic  occurrences'  [Breislak], 
see  Branagan  1986a).  This  contrasts  with  a  geo¬ 
logical  approach  which  uses  physics  and  chemistry 


to  arrange  the  factual  data  into  a  complex  history 
of  the  earth.  The  significance  of  topography  in  the 
geognostic  scheme  must  be  noted,  as  elevation  was 
still  judged  by  many  to  be  a  measure  of  age,  the 
highest  ranges  containing  cores  of  ancient  rock,  so 
Strzelecki  was  very  much  committed  to  making 
barometric  readings  as  often  as  possible,  and 
also  to  drawing  accurate  cross-sections  showing 
both  elevation  and  rock  types  (sec  also  Strzelecki 
1842a). 

Strzelecki  listed  eight  substances  of  possible 
economic  value  of  which  he  obtained  specimens. 
They  were  gold,  silver,  iron,  coal,  clays,  lime, 
serpentine  and  earthy  salts  (including  ‘hair  salt  of 
Werner'),  lie  recognised  four  geognostic  divisions 
and  classed  them  as  primary,  transition,  secondary 
and  tertiary,  noting  that  the  main  range  which 
divides  the  eastern  from  the  western  waters  may 
be  fairly  considered  the  great  axis  of  perturbation. 
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Reading  this  report  in  detail  (see  Branagan  op.  cit.) 
we  can  see  that  Strzelecki  recognised  a  number  of 
geomorphic  regions  which  were  largely  dependent 
on  rock  type  and  structural  relationships.  He 
recognised  that  deformation  of  the  region  had 
produced  characteristic  north-south  trends  and 
attributed  them  to  episodic  convulsions  at  different 
locations  and  times  along  a  single  axis.  He  felt 
that  igneous  activity  had  played  an  important  part 
in  such  convulsions.  These  observations  served  to 
confirm  his  faith  in  ‘the  great  order  of  super¬ 
position  ...  in  perfect  identity  to  that  observed 
on  the  rest  of  the  globe’.  He  was  later  cautiously 
to  recant  on  this  geological  article  of  faith.  To 
gather  these  observations  into  a  unified  scheme  he 
devised  his  own  complex  system  of  colors  and 
patterns  (symbols)  to  show  the  information  on  rock 
type  (and  to  a  lesser  extent  stmeture)  on  his  map 
and  sections  (see  later). 

Strzelecki’s  report  (Strzelecki  1840)  was  pub¬ 
lished  in  part  by  the  Port  Phillip  Herald ,  con¬ 
centrating  on  the  physical  aspects  of  the  landscape 
and  omitting  the  rather  geognostical  aspects,  but 
his  views  were  attacked  by  Dr  A.  F.  A.  Geeves 
in  a  lecture  reported  by  the  rival  Port  Phillip 
Gazette  as  ‘a  most  entertaining  and  interesting 
discourse,  although  only  an  introductory  one  upon 
the  science  of  Geology’  (Branagan  op.  cit.). 


TASMANIA 

It  was  inevitable  that  Strzelecki  should  be  attracted 
to  Tasmania  (which  was  then  called  Van  Diemen’s 
Land),  from  Melbourne  and  he  went  to  Port  Sorell 
(near  Launceston)  in  July  1840.  He  did  not  leave 
Tasmania  until  September  1842,  criss-crossing  the 
island,  leaving  only  the  inaccessible  far  southwest 
and  the  Pieman  River  area  unvisited.  Some  of  the 
Bass  Strait  islands  were  also  examined.  Strzelecki 
made  many  friends  in  Tasmania.  In  Sydney  he 
had  already  met  and  charmed  Lady  Jane  Franklin 
(Fig.  5),  wife  of  the  Governor  (Franklin  1840), 
Sir  John  (Fig.  6),  so  had  a  ready  entree  into  Tas¬ 
manian  society.  Friends  included  Joseph  Milligan, 
Irish  medic,  public  servant  and  naturalist,  Robert 
Campbell  Gunn,  an  outstanding  naturalist,  and 
expatriates  like  Mr  Schager,  a  German  who  worked 
for  the  Van  Diemen’s  Land  Company,  who  was 
also  collecting  ‘natural  curiosities  for  the  philos¬ 
ophers  of  Berlin’. 

Strzelecki  accompanied  Governor  Franklin  to 
Port  Arthur  early  in  1841.  In  May  1842  Franklin 
was  keen  to  call  on  Strzelecki’s  expertise  to  check 
the  location  of  Lake  St  Clair,  and  Frenchman’s 
Cap  (as  Franklin  and  his  wife  had  travelled  to 
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Macquarie  Harbour  without  a  sextant).  Franklin 
expressed  his  regret  (24  May  1842)  that  he  had 
been  unable  to  get  to  Launceston  to  look  at 
Strzelecki’s  geological  map,  and  to  talk  about 
his  work  ‘which  I  hear  and  know  is  unremitting’. 
An  interesting  analysis  of  Strzelccki’s  geological 
work  in  Tasmania  is  given  by  A.  N.  Lewis  (in 
Havard  1940). 

Strzclecki  was  in  Tasmania  when  there  was 
considerable  interest  in  the  search  for  profitable 
coal  mines.  Coal  measures  of  Triassic  age  were 


being  (relatively)  extensively  developed  at  Saltwater 
Creek,  after  the  earlier  geological  mapping  by 
another  Pole,  John  Lhotsky.  Strzelecki  was  the  first 
to  publish  observations  on  faulting  of  Tasmanian 
coal  seams,  and  on  the  coking  effect  of  dolerite 
healing  coal  (seen  at  Recherche  Bay  and  Southport) 
(Strzelecki  1842b).  He  was  also  the  first  person 
to  attempt  to  correlate  coal  seams  (one  at  Jericho 
with  one  at  Jerusalem)  (Bacon  &  Banks  1989). 

Of  the  offshore  islands  Strzelecki  apparently 
paid  a  brief  visit  to  Maria  Island,  where  dolerite 
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‘overlies’  fossiliferous  rocks.  In  1834  having  been 
provided  with  specimens  by  surveyor  George 
Frankland,  Baron  von  Hiigel  had  commented  that 
‘this  island  consists  entirely  of  fossilized  sea 
shells’  (Clark  1994),  something  of  an  exaggeration, 
but  the  Permian  beds  there  are  certainly  fossil-rich. 
Von  Hiigel  himself  also  noted  ‘a  black  limestone 
containing  many  fossilized  shells  occurs  round 
New  Norfolk  and  large  lumps  of  petrified  wood 
resembling  agate  have  been  found  15  to  20  miles 
inland’,  but  his  geological  comments  drew  little 
attention. 


COMPLETING  THE  MAP, 

SECTIONS  AND  BOOK 

All  the  time  Strzelecki’s  map  was  growing  in  extent 
and  detail,  and  seventeen  cross-sections  were  being 
drawn.  In  October  1841  arrangements  were  made 
for  him  to  use  the  Government  Cottage  in 
Launceston.  By  mid- 1842  he  was  ready  to  sit  down 
and  write  his  thoughts  about  East  Australian 
geology  and  related  matters.  When  he  left  Tasmania 
in  September  1842  he  had  his  draft  manuscript, 
which  accompanied  him  when  he  moved  north 
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Fig.  7.  Phillip  Parker  King  (Mitchell  Library). 
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again.  He  went  first  to  Sydney  and  then  apparently 
made  a  quick,  but  important  visit  to  the  Illawarra 
coast  (Organ  1997)  where  he  collected  a  variety 
of  fossils.  He  then  travelled  to  the  Newcastle 
coalfield  and  to  the  haven  of  Tahlee,  the  home  of 
Captain  Phillip  Parker  King  (Fig.  7)  in  Port 
Stephens,  north  of  Newcastle.  King  advised  him 
his  manuscript  (as  he  was  later  to  do  for 
Leichhardt),  and  discussed  the  map  and 
King  showed  the  work  to  Governor  Gipps 
put  forward  the  idea  of  government  funding 
the  map,  but  Gipps  was  not  optimistic, 
seems  unfortunate  that  Strzclecki  and  Ludwig 
(Fig.  8)  apparently  did  not  meet,  as 
were  in  the  Newcastle  region  at  the  same 
and  would  have  had  much  of  geological 
to  discuss,  specially  as  Leichhardt  had 
recently  come  from  Europe  where  there  had 
an  explosion  of  geological  knowledge  and 
.ideas  in  the  years  since  Strzelccki’s  departure. 
Leichhardt  had  already  made  a  study  of  the  coal 
measures  in  the  vicinity  of  Newcastle  (Fig.  9),  and 
was,  a  little  later  to  make  important  observations 
in  what  is  now  known  as  the  Bowen  Basin 
(Leichhardt  1855;  Aurousscau  1968;  Branagan 
op.  cit.). 


0C. 


Fig.  8.  Ludwig  Leichhardt. 
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Fig.  9.  Sketches  by  Ludwig  Leichhardt. 
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Fig.  10.  Joseph  Beete  Jukes. 


However,  Strzelecki  was  fortunate  that  Joseph 
Beete  Jukes  (Fig.  10),  Naturalist  on  HMS  Fly ,  was 
also  visiting  King  at  Port  Stephens  and  the  two 
geologists  had  a  great  time  comparing  Strzelecki’s 
fossils  with  those  depicted  in  Roderick  Murchison’s 
Siluria  which  King  had  in  his  library. 

It  is  interesting  that  Strzelecki  thought  so  highly 
of  the  geological  section  exposed  along  the  coast 
at  Newcastle  that  he  included  this  in  the  frontis¬ 
piece  of  his  book.  But  no  large  scale  version  of 
this  section  is  preserved  and  it  seems  clear  that, 
before  he  left  Launceston,  Strzelecki  had  completed 
his  sections  which  accompany  his  large  map. 

Strzelecki  wrote  to  Franklin  from  Port  Stephens 
on  19  December  1842.  ‘1  have  at  last  terminated 
what  during  four  years,  was  the  daily  anxious  aim 
of  mine,  namely  the  chart,  the  vertical  sections 
and  the  descriptif  [sic]  part  relating  to  the  physical 
geography  of  Van  Diemans  [sic]  and  New  South 
Wales.’ 

In  the  second  section  of  the  book  he  proposed 
different  chapters  each  headed  ‘Glance  on  the 
Geological  Phenomena  which  the  [Different]  series 
are  presenting’  (King  1843).  The  series  were 
Primary,  Transition,  New  Red  Sandstone  Group 


and  Diluvial.  Of  the  first  three  there  was  to  be 
‘Description  Mineralogical,  Phisical  [sic],  Chemical 
and  Geological  of  the  Rocks’.  In  the  case  of  the 
Diluvial  the  soils  were  to  be  described  in  terms 
of  their  ‘Phisical  [sic],  Chemical  and  Agricultural 
Character'.  Although  fossiliferous  rocks  are  men¬ 
tioned  in  the  proposed  chapter  on  the  Transition 
rocks,  only  in  the  content  of  the  Diluvial  chapter 
is  there  a  proposed  ‘Description  of  mineralogical 
and  fossiliferous  content'.  The  two  proposed 
sections  on  Botany  and  Zoology  seem  to  have 
been  intended  only  to  discuss  present-day  organisms 
(see  later). 


STRZELECKI’ S  LATER  LIFE 

Strzelecki  left  Sydney  on  22  April  1843,  travelling 
via  Canton  and  Suez,  reaching  London  in  late 
October.  After  he  arrived  in  England  he  began  to 
mix  with  Society,  both  social  and  scientific,  thanks 
largely  to  introductions  from  Franklin  and  King, 
particularly  to  Sir  Roderick  Murchison  (Fig.  11). 
In  1847  Strzelecki  became  involved  in  ameliorating 
the  conditions  of  the  starving  peasants  in  Ireland 
during  the  potato  famine.  His  non-British  back¬ 
ground  probably  gave  him  an  advantage  over  the 
greatly  disliked  English  bureaucracy,  and  his 
contribution,  both  in  organisation  and  friendship, 
gained  him  universal  praise.  He  became  a 
naturalised  British  citizen  and  was  honoured  with 
a  Knighthood  in  November  1848. 

Strzelecki  kept  his  interests  in  Australia  in  the 
1850s  through  chairmanship  of  a  subsidiary  of 
the  Australian  Agricultural  Co.  (The  Peel  River 
Gold  Co.),  ensuring  the  appointment  of  a  com¬ 
petent  German  geologist,  Ferdinand  Odcmhcimer, 
to  examine  its  properties  in  New  South  Wales 
(Branagan  1984).  He  also,  as  mentioned  earlier, 
became  involved  in  the  arguments  about  the 
discovery  of  gold  in  Australia,  always  keeping 
just  on  side  with  Sir  Roderick  Murchison,  who 
also  wanted  some  credit  for  it!  (Strzelecki  1856; 
Stafford  1988,  1989). 

Strzelecki  had  hoped  that  his  work  would  be 
followed  up  officially  quite  rapidly,  as  he  wrote 
to  P.  P.  King  (5  June  1845):  ‘there  is  a  great 
probability  1  should  be  able  to  secure  to  the  two 
Colonies  a  Government  establishment  called  the 
Economic  Geology,  which  will  be  a  branch  of  the 
Office  of  the  Ordinance  [sic]  Geological  Survey 
of  Great  Britain  under  the  direction  of  Sir  Henry 
De  la  Beche — with  a  Geologist  and  a  Chemist 
etc.  etc.  and  through  which  a  thorough  Geological 
Survey  of  the  two  colonics  will  be  made  and  such 
questions  of  chemistry  and  mineralogy  solved,  as 
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Fig.  11.  Sir  Roderick  Murchison. 


the  development  of  mining  and  agriculture  may 
require — as  I  have  even  recently  declined  the  offer 
of  an  office  in  the  Colonies  and  am  far  from 
angling  for  any  at  home,  my  representations  have 
at  least  a  weight  of  sincerity  and  disinterestness 
by  which  they  arc  dictated,  and  are  thus  patiently 
listened  to,  in  quarters  which  have  a  voice  in  the 
Chapter.’  He  added  some  words  concerning  the 
competition  developing  among  coal  mining  groups 
in  New  South  Wales,  supporting  King’s  thoughts 
on  reducing  the  company  price,  noting  'I  do  really 
believe  that  in  no  part  of  the  coal  Basin  there  is 
such  facility  of  extraction  and  shipment  of  coal 


as  at  the  Company  establishment.’  He  added  that 
King  had  plenty  of  supporters  in  London  ‘Charles 
Stokes,  Captain  Beaufort  I  see  frequently,  Fitton 
&  Stokes  of  the  Ileagle  and  other  blue  jackets' 
(King  correspondence). 

Although  such  a  survey  did  not  eventuate  in 
New  South  Wales  until  1850,  when  Samuel 
Stutchbury  was  appointed,  Strzclecki  tried  hard  to 
achieve  his  aim,  writing  a  paper  on  mineral 
geography  which  included  a  proposal  to  set  up  a 
‘British  Government  Office  to  survey  the  geology 
of  the  colonies  of  Canada.  New  South  Wales, 
Van  Diemen’s  Land  [Tasmania],  New  Zealand  and 
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South  Africa’.  He  sent  the  paper  to  Lord  Grey 
on  14  January  1847  (Paszkowski  1997:  32).  By 
this  time  William  Logan  was  already  at  work  in 
Canada,  but  the  other  colonies  had  to  wait  some 
years  for  geological  surveys.  Strzelecki  and  his 
persuasive  powers  were,  shortly  after,  diverted  to 
his  work  in  Ireland. 

Strzelecki  died  in  London  in  October  1873  and 
is  buried  in  Kensal  Green  cemetery.  His  name  is 
remembered  in  Australia  by  the  Strzelecki  Ranges 
in  Victoria,  Mt  Strzelecki  in  the  Northern  Territory, 
Strzelecki  Peaks  on  the  Furneaux  Group  in  Tas¬ 
mania,  the  Strzelecki  Track  in  northeastern  South 
Australia,  and,  of  course  by  his  naming  of 
Mt  Kosciuszko.  There  are  now  also  various 
memorial  plaques  recording  his  achievements  (see 
Rawson  op.  cit.;  Paszkowski  op.  cit.). 


STRZELECKI’ S  MAP  AND 
GEOLOGICAL  CONCEITS 

Strzelecki’s  published  map  of  1845  identifies  only 
four  main  units  (First,  Second,  Third  and  Fourth 
Epochs).  However  his  original  map,  measuring 
25  ft  (7.6  m)  long  and  5  ft  (1.5  m)  wide  and  on 
a  scale  of  '/*  of  an  inch  =  1  mile  (i.e.  1:250  000) 
and  sections  of  the  same  scale,  has  at  least  18 
subdivisions  (Fig.  12).  His  legend  shows  something 
of  Strzelecki’s  geological  background,  borrowing, 
as  it  does,  from  Breislak  and  other  continental 
sources.  There  are  also  considerable  similarities 
with  William  Maclure’s  map  of  the  United  States 
first  published  in  1809  but  revised  in  1817 
(Maclure  1817;  Merrill  1964;  Jordan  1979;  Gerstner 
1979).  In  some  senses  Strzelecki’s  map  is  firmly 
rooted  in  18th  Century  time-scale  concepts,  which 
is  perhaps  not  surprising,  because  the  modem 
geological  time  scale  was  only  just  becoming 
established.  There  are  also  no  firm  boundaries  on 
his  large  map,  but  this  is  also  not  surprising,  in 
view  of  the  country  he  covered  (Branagan  1974, 
1986a).  Strzelecki 's  return  to  England  in  1843 
thrust  him  into  the  busy  geological  world  of 
Murchison,  Lyell  and  others,  and  with  the  help 
of  palaeontologists  he  converted  his  ideas  on  age 
relations,  to  some  extent,  into  what  was  becoming 
the  established  Palaeozoic,  Mesozoic  framework. 

Strzelecki  had  discussed  his  fossils  (Fig.  13) 
with  J.  B.  Jukes  when  they  were  together  at  Port 
Stephens,  and  probably  realised  that  they  were 
the  key  to  updating  his  material.  It  seems  likely 
that  Murchison  advised  him  on  whom  to  ask 
to  examine  his  specimens.  In  1842  Murchison, 
always  keen  to  expand  his  ‘Silurian  Empire’,  had 
written  to  Governor  Franklin  asking  him  to  send 


.mm 


Fig.  12.  Strzelecki’s  original  Geological  Section  of  Mt  Kosciuszko. 
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Fig.  N.  John  Morris. 


fossils  from  Tasmania,  commenting  that  Spirifers 
and  Productids  had  been  ‘brought  home  by  a  mad 
Polish  friend  of  yours’  [this  was,  of  course,  not 
Strzelecki,  but  John  Lhotsky]  and  having  pushed 
the  extension  ol  the  Palaeozoic  ‘from  the  remotest 
part  of  Europe  into  Asia  I  must  try  to  do  the  same 
through  my  allies  in  the  distant  colonics  and  as 
you  are  one  of  my  earliest  playfellows  in  geology, 
I  count  upon  your  aid’  (Murchison  1842). 


Consequently  in  London,  Strzelecki  put  the  fossil 
plants  and  invertebrates  in  the  hands  of  the  experts 
John  Morris  (1810-1886)  (Fig.  14),  William 
Lonsdale  (1797-1871)  and  George  B.  Sowerby 
(1788-1854),  while  Richard  Owen  (1804-1892) 
examined  the  vertebrates  (including  marsupials). 
Strzelecki  was  happy  to  accept  their  judgement  and 
to  place  the  older  material  in  the  Palaeozoic  (and 
it  probably  pleased  Murchison),  although  Morris 
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Permian. 
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Bun  ter  Schiefer. 

Zechstein  and  Kupfer- schiefer. 
Roth-liegende. 


Coal. 


Fig.  15.  Section  of  the  Permian  in  Germany  (Gcikic  1875). 


more  specifically  described  the  fossil  plants  as 
being  Carboniferous.  Lonsdale  had  already  des¬ 
cribed  the  Tasmanian  corals  collected  by  Charles 
Darwin  in  Tasmania  in  1836  (Darwin’s  Geological 
Observations). 

Practical  considerations  meant  that  Strzelecki’s 
huge  map  and  sections  could  not  be  published. 
The  need  to  produce  a  smaller  map,  and  simpler 
sections,  meant  that  Strzelccki  was  forced  to 
abandon  his  quite  complex  lithological  sub¬ 
divisions,  and  the  map  used  just  four  colors  for 
the  four  epochs. 

Thus  we  sec  a  simple  evolution  of  Strzelecki’s 
major  subdivisions  from  the  preparation  of  his 
map  and  text  in  1842  to  its  publication  in  1845, 
as  shown  below: 

Original  Map  Text  Proposal  Published  Map  and  Text 


(1842) 

(also  1842) 

(1845) 

Alluvial 

Diluvial  deposits 

Fourth  Epoch 

Secondary 

New  Red  Sandstone 

Third  Epoch 

group 

Transition 

Transition  Series 

Second  Epoch 

Primitive 

Primary  Series 

First  Epoch 

THE  PERMIAN  CONCEPT 

Sir  Roderick  Murchison  first  introduced  the  term 
Permian  in  1841  in  a  letter  to  Dr  G.  Fischer  dc 
Waldheim  of  Moscow,  the  man  who  coined  the 
word  ‘Palaeontology’  (in  1834).  Murchison  wrote: 


‘the  Carboniferous  system  is  surmounted,  to  the 
east  of  the  Volga,  by  a  vast  scries  of  beds  of 
marls,  schists,  limestones,  sandstones  and  con¬ 
glomerates,  to  which  I  propose  to  give  the  name 
of  “Permian  System”  because,  although  this  series 
represents  as  a  whole,  the  lower  new  red  sand¬ 
stone  (Rothe  todtc  liegende)  and  the  magnesian 
limestone  or  Zechstein,  yet  it  cannot  be  classed 
exactly  (whether  by  the  succession  of  the  strata  or 
their  contents)  with  either  of  the  German  or  British 
subdivisions  of  this  age.  Moreover  the  British 
lithological  term  of  lower  red  sandstone  is  as 
inapplicable  to  the  great  masses  of  marls,  white 
and  yellow  limestones,  and  grey  copper  grits, 
as  the  name  old  red  sandstone  was  found  to  be 
in  reference  to  the  schistose  black  rocks  of 
Devonshire  . . .’  Murchison  mentions  the  presence 
of  ‘large  accumulations  of  plants  and  petrified 
wood’  and  goes  on  to  state:  ‘of  the  fossils  of  this 
system,  some  undescribcd  species  of  Producti 
might  seem  to  connect  the  Permian  with  the 
carboniferous  aera;  and  other  shells,  together  with 
fishes  and  Saurians,  link  it  on  more  closely  to  the 
period  of  the  Zechstein,  whilst  its  peculiar  plants 
appear  to  constitute  a  Flora  of  a  type  intermediate 
between  the  epochs  of  the  new  red  sandstone  or 
“trias”  and  the  coal-measures.  Hence  it  is  that  I 
have  ventured  to  consider  this  scries  as  worthy  of 
being  regarded  as  a  “System”’.  In  1843  Murchison 
pursued  the  Permian  rocks  in  Germany  (Fig  15), 
accompanied  by  John  Morris. 
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Murchison,  Vemeuil  and  Keyserling  (1845)  ex¬ 
panded  on  Murchison’s  earlier  work  on  the  new 
Permian  system,  describing  ‘a  peculiar  form  of 
the  carboniferous  system  and  giving  a  detailed 
account  of  the  coal-bearing  tracts  in  the  empire, 
by  establishing  under  the  name  of  "Permian"  a 
copious  series  of  deposits  which  form  the  true 
termination  of  the  long  palaeozoic  periods.  This 
last-mentioned  system  has  not  hitherto  obtained  the 
attention  to  which  it  is  entitled.  In  France  it  is 
known  only  as  a  deposit  of  red  sandstone  with  a 
few  plants;  in  Belgium  it  is  a  mere  conglomerate 


(the  “Peneen”  or  sterile  group  of  M.  d’Omalius 
d’Halloy).  In  England  and  Germany,  where  its 
members  are  much  more  expanded  in  the  form 
of  red  sandstone  and  conglomerate,  magnesian 
limestone,  copper,  slate,  etc.,  the  strata  have 
never  received  a  collective  name,  nor  have  they 
till  recently  been  united  as  a  natural  group*, 
distinguishable  from  the  inferior  formations  by 
peculiar  species,  though  connected  with  them  by 
the  general  aspect  of  their  fauna,  and  entirely 
different  in  all  their  organic  contents  from  the 
overlying  or  triassic  system.’ 


*The  authors  footnote  that  ‘Professor  Phillips  was  the  first  to  maintain,  that  the  fossils  of  the  magnesian  limestone 
of  England  ought  to  be  classed  with  those  of  the  palaeozoic  rocks,  and  our  Permian  researches  confirm  his  view’. 
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‘Finding  that  this  supracarboniferous  group 
was  not  only  spread  over  a  region  of  enormous 
dimensions  in  Russia,  extending  from  the  Volga  to 
the  Ural  Mountains  on  the  east,  and  from  the  Sea 
of  Archangel  to  the  southern  steppes  of  Orenburg, 
but  that  among  certain  fossils  characteristic  of  the 
Zechstein  in  other  parts  of  Europe,  it  also  con¬ 
tained  many  new  species  of  shells  and  a  fauna 
somewhat  differing  from  that  of  the  carboniferous 
age,  we  have  ventured  to  apply  to  it  a  collective 
name  derived  from  the  ancient  kingdom  of  Permia, 
which  was  situated  in  the  centre  of  the  vast 
territories  overspread  by  these  deposits  . . .  Such 
then  is  our  apology  for  the  introduction  of  a  new 
synonym,  and  in  the  ensuing  chapters  we  shall 
support  our  reasons  for  its  use.  To  render,  how¬ 
ever,  the  term  Permian  acceptable  to  German 
and  English  readers,  we  have  placed  the  words 
Zechstein  and  Magnesian  Limestone  as  equivalents 
[in  the  Text  and  Map],  thus  to  point  out,  that 
beds  similar  in  structure  to  them,  form  part  of  the 
diversified  “Permian  System”.’ 

They  added:  ‘in  our  first  announcement  of  this 
system  we  believed*  that  it  might  comprehend 
the  Rothc-todte-liegende  of  Germany;  but  we  have 
since  seen  reason  to  modify  this  view,  and  to 
exclude  (for  the  present)  that  German  deposit  from 
our  Russian  natural  group.  For,  if  the  rothe-todte- 
liegende  should  be  found  to  contain  (and  we  believe 
this  to  be  the  case)  some  of  the  same  species  of 
plants  as  the  coal-fields  of  the  surrounding 
countries,  that  deposit  must  certainly  be  considered 
the  representative  of  the  Carboniferous  system  in 
that  portion  of  Northern  Germany,  where  no  other 
coal-fields  exist.  At  all  events,  English  geologists 
have  not  yet  been  able  to  point  out  any  natural 
distinctions  between  the  plants  of  their  Lower  Red 
Sandstone  and  those  of  the  subjacent  coal  measures; 
and  as  the  identification  of  this  red  sandstone  with 
the  rothe-todte-liegende  has  been  admitted,  we  are 
compelled  to  avow,  that  a  deposit  so  characterized 
can  form  no  part  of  a  system  in  which  the  plants 
belong  to  a  peculiar  type.  In  a  word,  therefore, 
our  Permian  system  embraces  everything  which 
was  deposited  between  the  conclusion  of  the 
carboniferous  epoch,  and  the  commencement  of 
the  Triassic  scries.’ 


Willmarth  (1925:  69)  points  out  that  the  original 
definition  of  the  Carboniferous  by  Conybeare  and 
Phillips  (1822)  excluded  what  we  now  call  the 
Permian,  which  was  grouped  with  the  Triassic  in 
the  ‘New  Red  Sandstone’  and  Magnesian  Lime¬ 
stone.  However  it  included  the  ‘Old  Red  Sand¬ 
stone’,  which  thanks  to  work  by  William  Lonsdale 
in  1837  was  defined  in  1839  by  Sedgwick  and 
Murchison  as  Devonian  (Sedgwick  &  Murchison 
1839,  1840).  Although  there  is  usually  an  uncon¬ 
formity  (better  called  a  disconformity)  between  the 
Carboniferous  and  Permian  in  England,  Germany 
and  Netherlands,  there  is  no  sharp  division  in  the 
USA,  India  and  in  Eastern  Australia. 

Murchison  was  not  aware  that  the  problem  of 
coal  in  the  Gondwana  Permian  succession  was  to 
complicate  the  unravelling  of  the  Permian  story  in 
the  Southern  Hemisphere  (and  India). 

Murchison  certainly  changed  his  mind  several 
times  between  1841  and  1845,  as  at  the  British 
Association  meeting  in  1843  he  gave  a  paper 
entitled  ‘The  Permian  System  as  applied  to 
Germany,  with  collateral  observations  on  similar 
deposits  in  other  countries,  showing  that  the  rothe- 
todte-liegende,  Kupfer-Schicfer,  Zechstein,  and  the 
lower  portion  of  the  Bunter-sandstein  form  one 
natural  group,  and  constitute  the  upper  member  of 
the  Palaeozoic  rocks’. 

THE  AUSTRALIAN  PERMIAN— 

A  CHRONOLOGICAL  DISCUSSION 

Many  significant  aspects  of  the  following  section, 
particularly  that  referring  to  the  Permian  marine 
faunas  of  Australia,  have  been  discussed  by 
Archbold  (1986).  In  a  sense  the  Permian  question 
in  relation  to  Australia  began  with  the  collection 
of  fossil  plants  in  the  Hunter  River,  New  South 
Wales,  and  of  a  brachiopod  near  Hobart  in  1804 
by  Robert  Brown,  the  famous  botanist,  during  the 
exploring  expedition  led  by  Matthew  Flinders. 
The  fossil  plants  were  passed  to  William  Buckland 
(1784-1856)  and  thence,  after  a  long  delay,  ulti¬ 
mately  went  to  Adolphe  Brongniart  (1801-1876), 
who  recognised  the  plant  as  new  to  science 
and,  in  1828,  named  it  Glossopteris  browniana 
(Fig.  16)  although  he  thought  it  was  probably 


*Thcy  footnote  an  apology:  ‘Murchison’s  letter  to  Dr.  Fischer,  Moscow,  Sept  1841,  when  the  term  “Permian”  was 
first  proposed;  also  Phil  Mag  vol.  XIX,  p.  417.  In  suggesting  this  name,  we  had,  we  confess,  forgotten  that 
our  distinguished  friend  M.  D’Oinalius  D’Halloy  had  employed  the  word  “P6necn"  to  characterize  all  the  strata 
between  the  “terrein  houiller”  and  the  “hunter  sandstein".  We  adhere,  however,  to  our  geographical  name,  not  only 
because  it  was  adopted  on  the  same  principle  which  led  to  the  use  of  "Silurian"  and  “Devonian",  but  also  from 
our  having  found  in  the  Permian  deposits  undescribcd  organic  remains  and  much  mineral  wealth  (copper,  sulphur, 
salt  etc.);  thus  rendering  the  word  “Pdneen”  or  “sterile”  quite  inapplicable  in  the  present  state  of  our  knowledge.' 
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Fig.  17.  Trigonolreta  stokesii. 


Mesozoic.  Glossopteris  was  also  present  with 
Indian  coals  and  appeared  to  be  younger  than 
European  Carboniferous  flora  (but  possibly  still 
Carboniferous).  The  only  problem  was  that 
Brongniart  had  already  named  as  Glossopteris  a 
fossil  leaf  from  Jurassic  rocks  of  Yorkshire!  It  was 
apparently  acceptable  for  the  same  fossil  to  have 
different  geological  ages  in  Europe,  Asia  and 
Australia.  Just  a  few  years  earlier  T.  H.  Scott 
(1824)  had  suggested  a  relationship  between 
Glossopteris  and  Eucalypts,  which  was  followed 
up  by  Lesson  (1826)  suggesting  that  the  sand¬ 
stones  of  the  Blue  Mountains  (now  Triassic)  were 
Tertiary  because  of  the  supposed  close  relation 
between  the  fossil  plants  and  the  present  forms. 
Brongniart  also  described  and  named  Phyllotheca 
australis. 

The  brachiopod  collected  by  Brown  was  also 
neglected  for  many  years,  was  described  several 
years  earlier  than  the  Glossopteris  leaves  (in  1825) 
by  Charles  Konig,  who  noted  its  occurrence  in 
?Transition  sandstone  and  named  it  Trigonotreta 
stokesii  (Vallance,  1978)  (Fig.  17)  but  this  identi¬ 
fication  did  not  lead  to  the  complications  that 
ensued  with  the  unravelling  of  the  Glossopteris 
saga. 

Thomas  Mitchell’s  collections  made  between 
1831  and  1836  were  studied  by  William  Lonsdale 
who  attributed  the  Hunter  Valley  and  Illawarra 
fossils  to  the  Carboniferous  (Fig  18).  (Lonsdale 
expanded  on  this  in  1851.)  Mitchell  in  1839 
asked  J.  de  C.  Sowerby  (1787-1871)  to  examine 
the  shells  he  (and  C.  P.  N.  Wilton)  collected  from 
beneath  the  coal  succession  in  the  Hunter  Valley. 
Sowerby  suggested  they  could  be  correlated 
with  fossils  from  the  Mountain  Limestone 
(Carboniferous). 


Fig.  18.  Megadesmus  species  (from  Mitchell  1838). 


Fossil  brachiopods  and  molluscs  collected  by 
Lhotsky  in  Tasmania  in  the  1830s  were  sold  by 
him  to  the  British  Museum,  where  Mitchell’s  fossils 
were  also  placed,  but  little  attention  seems  to  have 
been  given  to  Lhotsky’s  specimens. 

In  1840  M.  de  Verneuil  described  specimens 
obtained  in  Calcutta  by  the  La  Bonite  expedition, 
but  collected  in  Tasmania  (Mt  Wellington,  New 
Norfolk  and  Port  Dalrymple).  He  identified  a 
productid,  five  spiriferids,  a  ‘Great’  Bivalve,  a 
‘Great’  Pecten  and  Calamopora  and  assigned 
them  to  the  Carboniferous.  The  collection  was 
also  discussed  by  Chevalier  (1846). 
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W.  S.  Macleay,  more  known  for  his  zoological 
work,  was  quite  knowledgeable  about  geology 
having  contributed  to  Murchison’s  Silurian  System 
on  the  trilobitcs,  and  acted  as  a  useful  ‘devil’s 
advocate’  for  the  ideas  put  forward  by  his  friend 
Rev.  W.  B.  Clarke  particularly  on  the  ages 
of  particular  successions.  Macleay  (20  November 

1843  to  Clarke)  made  it  plain  that  he  thought  the 
Sydney  [i.e.  Hawkesbury]  sandstone  was  equivalent 
to  the  Gres  des  Vosges  (early  Triassic)  and  that 
the  New  South  Wales  Coal  Measures  were 
Palaeozoic.  A  little  earlier  Clarke  had  been  inclined 
to  assign  both  to  the  Oolitic.  However  by  15  April 

1844  Clarke  writing  to  MacLeay  said  The  New 
South  Wales  coal  measures  are  very  low  down 
and  ...  if  not  older,  the  youngest  beds  must  be 
of  the  Millstone  Grit.  The  fossiliferous  beds  below 
the  coal  of  Newcastle  and  above  the  upper  Hunter 
coal  are  charged  with  mountain-lime  genera.’ 

Charles  Darwin  (1844),  just  anticipating  Clarke, 
also  called  upon  William  Lonsdale  to  identify  the 
corals  he  had  collected  in  Tasmania,  but  his 
shells  went  to  G.  B.  Sowerby.  Darwin  noted  his 
discovery  in  the  Wolgan  Valley,  west  of  Sydney 
of  leaves  of  Clossopteris  browniana ,  ‘a  fern  which 
so  frequently  accompanies  the  coal  of  Australia’. 
Sowerby  identified  two  species  of  Producla  and 
six  of  Spirifera,  noting  that  Productus  rugata 
and  Spirifera  rotundata  ‘resemble,  as  far  as  their 
imperfect  condition  allows  of  comparison,  British 
mountain-limestone  shells’.  Lonsdale  identified  six 
previously  undescribed  species  of  corals,  belonging 
to  three  genera,  and  while  species  of  these  genera 
occurred  in  the  Silurian,  Devonian  and  Carbon¬ 
iferous  strata  of  Europe,  Lonsdale  felt  that  they 
were  younger  than  Silurian.  While  the  Palaeozoic 
character  of  the  fossils  was  confidently  asserted, 
the  considerable  thickness  (‘at  least  1000  ft’)  and 
variability  of  the  succession  suggested  a  con¬ 
siderable  time  span. 

Strzclecki’s  collection  and  the  dating  have  been 
discussed  above. 

L.  G.  dc  Koninck  (1809-1887)  (see  Vallance 
1975:  33)  in  1846  anticipated  Dana’s  recognition 
of  Permian  rocks  in  Australia  (based  on  Newcastle 
fish,  possibly  collected  by  C.  P.  N.  Wilton)  in  a 
throwaway  note  about  invertebrates  beneath 
Australian  coal  in  a  paper  concerned  with  fossils 
from  Spitzbergen! 

The  collections  made  by  Rev.  W.  B.  Clarke 
between  1839  and  1846  were  examined  by 
Frederick  M’Coy  in  1847,  but  John  Morris 
expressed  uncertainty  about  the  plants  which,  the 
following  year,  M’Coy  (1823-1899)  suggested  as 
Jurassic. 

Dana  (1849),  having  recognised  the  Permian 


character  of  fossiliferous  rocks  in  both  the 
Wollongong  area  (Fig.  19)  and  the  Hunter  Valley, 
described  and  illustrated  a  number  of  characteristic 
fossils  which  he  had  collected  nearly  ten  years 
earlier,  comparing  them  with  those  described  in 
Strzelccki’s  book.  Some  of  the  sites  had  been  noted 
and  collected  from  even  earlier  by  Rev.  Richard 
Taylor  (1836)  who  wrote  ‘we  examined  a  remark¬ 
able  micaceous  sandstone  formation  at  a  place 
called  Bells  Creek  which  was  completely  filled 
with  a  species  of  encrinitc  lilly.  We  afterwards  rode 
to  Harpurs  Hill  where  we  left  our  horses  at  the 
Stockade,  whilst  we  examined  the  hill  which 
appeared  chiefly  to  consist  of  green  sandstone 
strangely  intermixed  with  round  balls  of  bazalt 
some  of  large  dimensions,  it  appeared  as  if  the 
whinn  stone  had  pushed  up  the  sandstone,  and  thus 
caused  the  strange  mixture,  the  latter  contained 
many  univalves  and  bivalves;  I  noticed  the  belem- 
nite,  a  trochus  similar  to  one  found  on  these  shores 
and  a  patella,  nearly  corresponding  with  one  found 
on  the  shore  at  Newcastle,  also  a  muscle,  we  took 
some  refreshment  here  after  having  beaten  about 
the  rocks  for  three  whole  hours  to  the  evident 
astonishment  of  the  Ironed  gang  at  work  there  who 
doubtless  saw  little  pleasure  in  such  amusements’ 
(Taylor  1836).  Unfortunately  the  fossils  mentioned 
by  Taylor,  and  possibly  collected,  were  not 
examined  and  described  by  a  palaeontologist. 

Dana  (1849)  was  somewhat  more  scientific  in 
discussing  ‘Fossils  of  the  Sandstone  below  the 
Coal,  and  age  of  the  deposits’,  writing: 

‘Fossil  shells,  along  with  some  corals,  occur 
at  many  localities  of  the  argillaceous  sandstone 
. . .  Harper’s  Hill  and  Glendon  are  localities  on 
the  Hunter  already  somewhat  noted  in  the 
colony.  The  shells  throughout  arc  well  preserved, 
the  valves  are  united  with  unbroken  edges  or 
angles,  (except  from  pressure),  and  the  ridges 
or  markings  are  distinct  and  apparently  unworn. 
The  bivalves  usually  lie  with  the  valves  some¬ 
what  gaping,  though  sometimes  closed.  Numbers 
of  the  same  species  are  often  clustered  together. 
The  shells  are  fossilised  cither  with  lime  or 
silica.  The  former  is  the  case  at  Harper’s  Hill; 
and  the  shells  look  as  fresh  and  white,  and  as 
natural,  as  if  just  from  the  water.  They  are  so 
neatly  preserved,  that,  judging  from  this 
character  alone,  they  might  easily  be  mistaken 
for  fossils  of  a  modem  date.  When  broken 
across,  a  cleavage  structure  is  often  exposed, 
showing  that  the  original  lime  of  the  shell 
has  been  recrystallized.  If,  as  the  writer  has 
suggested  in  another  place,  the  lime  of  shells 
is  in  the  condition  of  aragonite,  we  may  under- 
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Fig.  /9.  Dana’s  sketch  geological  map  of  the  Wollongong  area. 
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stand  how  a  molecular  change  should  take 
place,  producing  the  ordinary  calc  spar  and  its 
cleavage.  The  striae  or  markings  of  the  original 
shell  are  perfectly  retained. 

*. . .  The  fossil  animal  remains  embrace  a  variety 
of  genera,  including  some  that  have  hitherto 
been  considered  as  widely  distant  in  geological 
age.  The  whole  number  of  species  obtained 
by  us  is  eighty-six,  of  which  there  are  nine  or 
ten  corals,  two  of  Conularia,  one  of  Theca, 
sixty-four  of  bivalve  molluscs,  and  eleven  of 
univalves. 

'The  specimens  of  these  localities  may  generally 
be  distinguished  by  the  nature  or  colour  of  the 
rock  accompanying  them.  Those  of  Harper’s 
Hill  are  calcareous  fossils,  and  the  rock  has 
an  olive  green  colour,  generally  appearing 
somewhat  granular.  Those  of  Glcndon,  seen 
by  the  author,  have  mostly  a  rusty  ferruginous 
look,  and  the  rock  is  somewhat  schistose  . . . 
‘The  species  of  fossils  of  the  different  genera, 
arc  as  follows:-  . . .  From  Harper’s  Hill. — 
3  species  of  Bellerophon,  3  Platyschisma, 
2  Pleurotomaria,  1  Conularia,  1  Spirifer,  1 
Solecutus,  1  Maeonia,  1  Nucula,  2  Eurydcsma, 
2  Cyprocardia?,  3  Pecten,  3  Pachydomus,  1 
Chaetetes,  1  Hcmitrypa?*  [Dana  thought  that 
some  of  the  localities  had  been  confused  by 
Strzelecki.] 

‘No  species  of  Harper’s  Hill  and  lllawarra  proved 
to  be  identical,  excepting  the  Pleurotomaria 
tnorrisiana  and  the  Spirifer  glaber.  The  Conu- 
lariae  are  peculiar  to  Harper’s  Hill  ...  The 
Glendon  fossils  are  also  peculiar;  of  them,  only 
a  single  Spirifer  was  found  also  at  lllawarra.’ 

Ludwig  Leichhardt  also  made  observations  at 
Harper’s  Hill,  Glcndon,  and  Singleton,  recording 
some  information  on  sections  (Fig.  9)  (Leichhardt 
1855;  Branagan  1994). 

J.  B.  Jukes’s  map,  published  in  1850  (prepared 
four  years  earlier),  is  restricted  essentially  to  the 
coastline,  except  in  the  southeast  of  the  continent, 
where  it  relies  on  Strzelecki  and  others.  However 
it  shows  no  Secondary  rocks,  only  Tertiary  (and 
supposed  Tertiary),  Palaeozoic  (and  supposed 
Palaeozoic)  are  given  by  age.  In  the  text  Jukes 
refers  to  Silurian,  Devonian  and  Carboniferous 
periods,  but  sees  it  as  pointless  to  attempt  to 
identify  such  rocks  in  Australia  with  the  know¬ 
ledge  available.  Metamorphic  rocks  arc  shown 
separately,  and  there  are  two  groups  of  basalt  (and 


related  rock  types).  However  Jukes  warns  the  reader 
not  to  expect  any  accuracy  of  outline.  ‘They  are 
not  geological  maps  in  the  strict  sense  of  the  word, 
the  geological  colours  being  only  dabbed  on 
roughly  about  the  place  where  the  rock  indicated 
by  it  was  observed,  as  nearly  as  I  could  guess  its 
size  and  locality.  The  colours  are  only  intended  to 
come  in  aid  of  the  description,  and  to  guide  the 
eye  and  help  the  memory.’ 

Jukes  (1850)  refers  to  the  coals  as  Palaeozoic, 
but  makes  no  attempt  to  go  into  further  detail  of 
age.  He  may  have  been  partly  responsible  for  one 
aspect  of  the  controversy  by  referring  to  ‘palaeozoic 
rocks,  with  coal,  occur  around  Western  Port,  and 
are  found  in  highly  inclined  positions  at  some 
points  around  Port  Phillip  where  horizontal  tertiary 
strata  rest  upon  them’.  However  Jukes  hints  at  the 
coal  problem,  writing;  ‘some  persons  have  been 
struck  with  the  oolitic  aspect  of  the  fossil  plants 
collected  in  New  South  Wales  (as  also  of  those 
of  India),  and  have  been  led  to  imagine,  in 
consequence,  that  they  did  not  belong  to  the  same 
formation  as  that  in  which  the  productae,  spiriferae, 
etc.  are  found’.  Jukes  goes  on  to  say  that  he 
sees  ‘the  whole  series  as  one  great  continuous 
formation’.  A.  R.  Selwyn,  Government  Geologist 
of  Victoria  from  1852,  was  to  be  dogged  by  the 
coal  question,  as  the  age  had  definite  economic 
implications.  Younger  coals  were  usually  much 
poorer  fuels  and  industrialists  expected  Selwyn 
to  come  up  with  the  better  material  (Zeller  & 
Branagan  1994). 

Jukes  suggests  that  the  marine  fossils  are  similar 
to  those  in  the  Devonian  formations  of  Europe, 
but  he  hastens  to  add  that  formations  on  opposite 
sides  of  the  world  need  not  be  strictly  synchronous. 
He  adds  a  footnote  ‘there  is  a  certain  resemblance 
between  the  fauna  and  flora  now  living  in  Australia 
and  those  found  fossil  in  our  oolitic  rocks’.  In 
his  general  summary  Jukes  notes  the  ‘total  absence 
of  any  rocks  of  an  age  intermediate  between  the 
palaeozoic  and  the  tertiary,  so  far  as  is  at  present 
known’.  Here  we  see  that  Jukes  was  tending  to 
get  away  from  the  idea  that  European  geology  was 
a  model  for  the  world.  Leichhardt  also  was  clearly 
aware  of  the  difficulties  of  accepting  such  an  idea. 
This  ‘out-of  stepness’  continued  to  have  reper¬ 
cussions  in  Australian  geology  well  into  the  20th 
Century  (Branagan  1986b). 

Grange  (1854)  in  writing  up  the  geology  of 
Dumont  D’Urville’s  Voyage  au  Pole  Sud  relies  to 
a  great  extent  on  Strzelecki’s  published  work  and 


‘According  to  Strzelecki,  there  are  other  species  common  to  lllawarra  and  Harper’s  Hill;  but  we  may  doubt  his 
accuracy,  for  reasons  already  stated. 
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Fig.  20.  Alcide  D'Orbigny. 


the  identification  of  fossils  by  Lonsdale  and  Morris, 
but  with  the  addition  of  other  identifications  by 
J.  de  C.  and  G.  Sowerby  from  Mitchell  and 
Darwin,  and  an  illustration  of  fossil  shells 
determined  by  Alcide  D’Orbigny  (1802-1857) 
(Fig.  20).  Grange  reports  the  collection,  at  several 
sites  in  Tasmania,  of  Spirifera  stokesii  (Konig), 
noted  by  Morris  (in  Strzelecki)  as  a  synonym  for 
Trigonotreta  stokesii.  Most  of  the  invertebrate 
fossils  were  collected  from  sites  now  known  as 
Permian  or  Carboniferous,  with  a  brief  mention  of 
sites  near  Orange  and  Yass  in  New  South  Wales 
containing  presently  recognised  Silurian  fossils,  but 
the  younger  strata  are  separated  into  Secondary  and 
Tertiary  epoch  material,  essentially  at  the  base  of 
the  coal  measures.  Grange  notes  in  particular  an 


unconformity  at  Cullen  Bullen  between  first  and 
second  epochs,  which  is  today  recognised  as  being 
at  the  base  of  the  Sydney  Basin  Permian  succession. 

We  sec  the  continuation  of  a  long  controversy, 
what  Vallance  (1981)  called  the  Fuss  about  Coal, 
in  the  legend  of  the  first  nearly  complete  Map  of 
Australia,  prepared  by  Robert  Brough  Smyth  in 
1873.  Smyth,  working  from  Melbourne,  called 
for  information  from  authorities  in  the  various 
colonics  to  prepare  the  map.  The  key  point  in  the 
Legend  of  the  map  is  the  term  ‘Carbonaceous’. 
This  is  Smyth’s  ’Escape  Clause’.  A  long  debate 
had  ensued,  mainly  between  Rev.  W.  B.  Clarke 
of  New  South  Wales  and  Frederick  M’Cov  who 
had  moved  to  Victoria  as  Professor  of  Natural 
Science  in  1854  (both  being  proteges  of  Adam 
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Sedgwick  of  Cambridge),  as  to  the  age  of 
Australia’s  coal  measures.  The  argument  was  based 
on  both  stratigraphy  and  fossils,  and  as  in  many 
arguments,  both  sides  were  partly  right,  but  Clarke 
probably  more  so  than  McCoy.  Were  the  coal 
measures  Carboniferous,  like  the  main  deposits 
of  Europe,  or  Mesozoic,  such  as  were  found  in 
Yorkshire? 

Part  of  the  problem  was  that  McCoy  was  seeing 
evidence  mainly  from  Victorian  black  coals,  which 
in  fact  arc  mainly  Jurassic,  while  Clarke  was 
studying  New  South  Wales  coals,  which  he  believed 
were  Carboniferous,  but  which  we  now  know  are 
Permian.  A  further  complication  was  that  Clarke 
carried  out  a  considerable  amount  of  fieldwork, 
studying  the  field  relations  of  the  coal  beds  and 
the  associated  sedimentary  rocks,  while  McCoy, 
not  a  particularly  good  field  geologist,  relied 
almost  entirely  on  fossil  specimens,  examined  in 
the  laboratory,  some  of  them,  in  the  earlier  years, 
collected  by  Clarke.  This  argument  drew  in  many 
Australian  geologists,  Selwyn  and  Richard  Daintree 
from  Victoria  taking  the  trouble  to  visit  Clarke’s 
key  sites  in  the  Hunter  Valley. 

The  term  Permian  receives  few  direct  mentions 
over  the  years  from  1849  to  1890,  with  the 
exception  of  comments  such  as  Selwyn’s  (1861) 
assigning  the  Bacchus  Marsh  successions  to  a 
period  intermediate  between  the  Carboniferous 
and  Permian  (see  Archbold  1998),  and  J.  E.  T. 
Woods’s  (1883)  placing  of  the  lower  Glossopteris- 
bearing  beds  of  New  South  Wales  in  the  Permian. 

Otakar  Feistmantel  (1848-1891)  (Fig.  21),  who 
never  visited  Australia,  still  played  an  important 
role  in  the  history  of  research  on  the  Gondwana 
System  (Haubelt  1994).  Feistmantel  gained  useful 
experience  with  Hans  Geinitz  on  the  Saxonian 
Permian  and  Carboniferous,  with  Heinrich  Goeppcrt 
on  the  Palaeozoic  of  Prussian  Silesia,  and  Carl 
Roemer  on  the  coal  deposits  of  central  Europe  in 
the  early  1870s.  In  March  1875  he  and  his  wife 
travelled  to  India  where  he  spent  eight  years. 
Central  to  the  present  paper  is  his  Palaeozoische 
Flora  des  osllichen  Australien,  published  1 878— 
79,  which  came  after  much  of  the  Fossil  Flora 
of  the  Gondwana  System  in  India  (Feistmantel 
1876-1886)  was  published  in  English.  Because  of 
the  essentially  terrestrial  nature  of  much  of  the 
sedimentation  in  the  late  Permian  and  early  Triassic 
Australian  succession  Feistmantcl’s  work  on  palaeo- 
botany  was  crucial  to  the  eventual  understanding 
of  the  geological  history  of  the  southern  continents 
in  this  portion  of  geological  time. 

Feistmantel’s  work  became  more  readily 
accessible  to  English-speaking  geologists  with 
the  publication  (1887,  1890)  of  Geological  and 


Fig.  21.  O.  Feistmantel  (Kettner  1966). 


Palaeontological  Relations  of  the  Coal  and  Plant¬ 
hearing  Beds  of  Palaeaozoic  and  Mesozoic  Age  in 
Eastern  Australia  and  Tasmania.  Feistmantel  also 
produced  Coal-bearing  Formations  in  Tasmania 
(1890),  which  is  in  Czech,  and  therefore  less 
known.  In  this  work  he  analysed  a  set  of  fossils, 
sent  to  him  by  T.  Stephens  of  Hobart,  defining 
a  Palaeozoic  Mersey  Zone  and  a  Mesozoic 
Jerusalem  Zone.  This  led  him  to  suggest  that 
Tasmania  was  the  cradle  of  Mesozoic  flora,  which 
then  spread.  However  Feistmantel’s  ideas  probably 
became  better  known  from  the  fourth  edition  of 
Rev.  W.  B.  Clarke’s  Sedimentary  Formations  of 
New  South  Wales  in  1878,  in  which  a  manuscript 
letter  from  Feistmantel  dated  26  February  1878 
was  printed  as  appendix  XX.  This  included  an 
extensive  table  of  correlation  of  Australian  non¬ 
marine  fossils.  In  this  letter  Feistmantel  queried 
the  correlation  of  the  Newcastle  coal  measures  with 
those  of  India,  believing  that  the  Indian  coals  were 
Lower  Triassic  and  not  late  Palaeozoic.  He  was 
not  convinced  of  the  Palaeozoic  age  of  the 
Newcastle  beds  in  1881,  assigning  them  to  the 
Lower  Trias,  but  by  1887  placed  them  in  what 
became  a  catchall  ‘Permo-Carboniferous’  group. 

The  term  ‘Permo-Carboniferous’  seems  to  have 
been  first  introduced  by  R.  Etheridge  Jnr  (Fig.  22) 
in  1880,  and  became  widely  used  following  the 
publication  of  Etheridge’s  Memoir  in  1891  and 
Etheridge  and  Jack’s  Geology  and  Palaeontology 
of  Queensland  and  New  Guinea  the  following 
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Fig.  23.  T.  W.  E.  David. 


year.  T.  W.  E.  David  (Fig.  23)  (1893,  1898) 
summarised  the  major  palaeontological  reasons 
for  separating  the  definite  Carboniferous  forms 
from  younger  material.  The  term  persisted  beyond 
1914  (David  1914),  because  of  its  practical  value, 
although  David  was  convinced  that  the  successions 
included  were  essentially  all  Permian.  By  1932  the 
term  was  abandoned  (David  1932),  and  the  base 
of  the  succession  was  confidently  placed  at  the 
base  of  the  Eurydesma  cordaium  horizon. 

Some  of  the  previous  story  can  be  gleaned 
from  the  appendices  to  the  fourth  edition  of 
Clarke’s  Sedimentary  Formations  of  New  South 
Wales  published  in  1878,  where  the  significant 
fossils  are  named.  More  detailed  systematic  on 
Australian  palaeontology  began  about  this  time. 
In  parallel  with  the  Feistmantc!  reports  on  fossil 
flora  L.  G.  De  Koninck  (Fig.  24)  completed  his 
classic  study  of  marine  fossils  Recheclies  sur  les 


Fig.  24.  L.  G.  de  Koninck. 


fossiles  paleozoiques  de  la  Nouvelles-Galles  du  Sud 
in  1877.  These  were  based  on  fossils  (Fig.  25) 
collected  by  Clarke,  which  were  returned  to  him 
after  the  work  was  completed.  They  were  among 
material  destroyed  in  the  Garden  Palace  fire  in 
1882.  T.  W.  E.  and  C.  David  translated  the  section 
dealing  with  ‘Carboniferous  and  Permo-Carbon¬ 
iferous’  in  the  early  1880s,  and  a  complete  trans¬ 
lation  was  published  in  1898.  In  the  meantime 
Robert  Etheridge  Jnr  had  published  (1891)  his 
descriptions  of  Palaeozoic  corals  and  bivalves, 
which  included  what  became  the  generally  accepted 
classification  of  the  rock  succession  (Fig.  26) 

CONCLUSION 

In  his  1893  address  to  AAAS  Ralph  Tale  said  ‘no 
prejudices  or  scholastic  disputations  have  retarded 
our  progress  [in  Geology],  for  those  who  have 
aided  in  the  work  were  disciples  of  the  modern 
school.’  It  is  a  wonderful  piece  of  work,  and  is 
an  essential  paper  for  anyone  studying  the  history 
of  geology  in  Australia.  However,  as  Vallance 
(1975)  has  pointed  out,  the  history  of  geology  in 
Australia  is  a  continuing  series  of  interesting 
disputations,  not  least  of  which  is  the  story  of  the 
unravelling  of  the  Permian  system.  Nevertheless 
Talc’s  address  is  a  magnificent  review  of  research 
publications,  summing  up  the  work  of  explorers. 
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Fig.  25.  Spirifer  strzeleckii. 


government  officials,  surveys  and  individuals  over 
more  than  sixty  years.  In  the  present  context  it 
must  be  acknowledged  for  its  recognition  of  the 
part  played  by  Strzelecki  ‘[who]  laid  the  foundation 
of  stratigraphical  geology  in  Australia’.  Tate’s  paper 
also  notes  the  essentially  multicultural  contributions 
to  the  growth  of  Australian  geology,  brought  out 
more  clearly  by  Vallance  (op.  cit.),  and  of  which 
Sir  Paul  Edmund  Strzelecki  is  an  outstanding 
example. 
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Tiie  Carboniferous  and  Permo-Carboniferous  Formations  of  N.  S.  Wales. 
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Middle  Coal-Measures 
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Lower  Coal-Measures  -I 


..Lower  Marine  Series  .. 


CARBONIFEROUS 


DEVONIAN  ... 
SILURIAN  ... 
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Coal  field. 
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Coal-field. 

Newcastle 
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Productive  Coal-Mea¬ 
sures,  with  (Jlosxop- 
ient%  Sic. 

Built 

Group.* 

ditto 

Lithgow 

Group* 
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Mittagong 
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ditto 

Namoi 
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Dempsey 
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Burrcu  fresh- water 
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(Unproven.) 
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teris,  Sic. 

(Unproven.) 

(Unproven.) 

(Unproven.) 

(Unproven.) 
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1 

"}  Wulloruwang  ! 

C  bods.  J 
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Greta  Group. 

Productive  Conl-Me.v 
surcs,  with  6’  lor  sop- 
lerit,  I’crtclrario. 

&C. 

Clyde  Group. 

ditto 

i 

(Hidden  by  overlap). (Hidden  by  overlap.) 

i 

(Hidden  by  over¬ 
lap.) 

Farley  Group. 

(Unproven.) 

v  (Unproven.) 
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Productus ,  Conu- 
laria,  &c. 

3.  Rhacoptcris  nud 
Lcpidodendron 
beds. 
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Lcpidodeudron 
beds  of  Goouoo 
Gonnoo. 

Uncoifortni/y  / 

. 5 
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stones  and  Quart 
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i 

1 

i 

Yalwal  Slates. 

MaruUn  Limestone 

1  . 

*  This  classification  is  provisional :  the  Group  may  have  to  be  classed  with  the  Middle  Coal-Measures. 

Fig.  26.  Stratigraphic  table  by  Etheridge  (1891). 
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The  Permian  sediments  of  the  Bacchus  Marsh  District  were  first  recorded  by  Alfred 
R.  C.  Selwyn  in  1859  with  a  possible  glacial  origin  being  suggested  for  the  sediments  by 
Selwyn  in  1861.  The  search  for  reliable  proof  of  the  association  of  the  sediments  with  glacial 
conditions  was  rewarded  by  the  1890s  with  numerous  discoveries  of  striated  boulders  and 
glacial  pavements.  Contributions  by  such  geologists  as  E.  J  Dunn,  C.  C.  Brittlebank,  G.  Officer, 
L.  Balfour,  E.  G.  Hogg,  G.  Sweet  and  T.  W.  E.  David  are  particularly  noteworthy.  Impetus 

for  these  late  19th  Century  contributions  appears  to  have  been  generated,  at  least  in  part, 

by  the  field  excursion  activities  of  the  Field  Naturalists  Club  of  Victoria  and  the  stimulus 
provided  by  the  Research  Committee  on  glacial  action  in  Australia  established  by  the  Australasian 
Association  for  the  Advancement  of  Science. 

The  report  of  the  discovery  of  species  of  the  plant  Gangamopteris  from  the  Bacchus 
Marsh  Sandstones  was  announced  by  Frederick  McCoy  in  1861.  Assignment  of  the  genus  to 
the  Early  Mesozoic  by  McCoy  initiated  a  debate  for  over  forty  years  over  the  age  of  the 
sandstones.  A.  R.  C.  Selwyn  and  R.  Daintrce  writing  in  the  1860s  appeared  to  favour  a  Late 

Palaeozoic  age  but  the  Early  Mesozoic  age  estimate  achieved  prominence  in  Victoria  until  the 

close  of  the  19th  Century.  Palaeontological  discoveries  during  the  20th  Century  have  increasingly 
added  to  the  interpretation  (hat  all  the  Victorian  Permian  deposits  are  Early  Permian  in  age. 


THE  PERMIAN  glacially  derived  sequences  of 
the  Bacchus  Marsh  District,  Victoria,  Australia, 
have  long  attracted  global  interest  because  of  the 
close  association  between  their  glacial  (including 
fluvio-glacial  and  glacio-marine)  origin  and  the 
occurrence  of  elements  of  the  Glossopteris  flora. 
A  geological  excursion  to  the  Bacchus  Marsh 
District  was  organised  as  part  of  the  Slrzclecki 
International  Symposium  (held  at  Rusden  Campus 
of  Deakin  University  and  the  Royal  Society  of 
Victoria’s  Hall,  30  November-3  December  1997) 
and  an  excursion  guide  was  prepared  (Archbold 
ct  al.  1997). 

During  the  preparation  of  the  excursion  guide  it 
became  clear  to  the  writers  that  many  significant 
19th  Century  works  were  often  overlooked  by  more 
recent  authors.  Hence  this  review  has  been  written 
in  order  to  summarise  these  older  works  and  to 
provide  a  bibliography  of  works  describing  the 
Permian  geology  and  palaeontology  of  the  Bacchus 
Marsh  District,  many  of  which  are  relatively 
obscure  and  difficult  to  locate.  Dunn  &  Mahony 
(1910)  provide  comprehensive  biographies  and 
bibliographies  of  the  founders  of  the  Geological 
Survey  of  Victoria  and  this  work  has  been  an 
invaluable  source  for  seldom  quoted  references. 


INTRODUCTION 

The  Permian  sedimentary  successions  of  the 
Bacchus  Marsh  area,  central  Victoria  and  their 
glacigene  origin  have  been  the  subject  of 
considerable  interest  since  the  first  report  ol 
sediments  ‘very  suggestive  of  the  results  likely  to 
be  produced  by  marine  glacial  transport;  and  the 
mixture  of  coarse  and  fine  material,  both  water- 
worn  and  angular,  much  of  which  has  clearly  been 
derived  from  remote  localities  ...’  by  Alfred 
Richard  Cecil  Selwyn  (1824-1902)  then  Director 
of  the  Geological  Society  of  Victoria  (also  referred 
to  as  the  Government  Geologist  of  the  Colony  of 
Victoria)  (Selwyn  1861a:  184). 

In  an  earlier  article,  Selwyn  (1859)  had  referred 
to  the  ‘coal  bearing  rocks’  of  Victoria  and  had 
noted  that  ‘patches  of  these  rocks  also  occur  near 
Bacchus  Marsh’  and  that  these  represented  the 
‘best  freestone  for  building  which  has  yet  been 
obtained  in  the  colony’  (Selwyn  1859:  lxiii).  He 
noted  that  they  had  yielded  no  fauna  but  rather  a 
flora  ‘of  an  oolitic  type’  as  determined  by  Frederick 
McCoy.  In  a  somewhat  prophetic  comment  Selwyn 
also  noted  that  these  rocks  demonstrated  ‘more 
resemblance  to  the  Carboniferous  than  the  oolitic 
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rocks  of  Europe’.  Selwyn  (1860:  4)  on  the  14  May 
1859  had  also  discovered  in  the  Inman  River  Valley, 
South  Australia,  ‘a  smooth  striated  and  grooved 
rock  surface,  presenting  every  indication  of  glacial 
action’  that  would  much  later  also  prove  to  be 
Early  Permian  in  age. 


Bacchus  Marsh  is  located  some  50  km  west 
of  Melbourne  (Fig.  1)  and  outcrops  of  Permian 
sediments  are  scattered  throughout  the  area  in 
patches  invariably  controlled  by  numerous  faults. 
Most  faults  exhibit  general  east-west  trends  and 
evidence  of  movement  extends  back  to  the  Permian 
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Fig.  1.  Distribution  of  Permian  sediments  in  the  Bacchus  Marsh  District.  Reprinted  from  Engineering  geology  of 
Melbourne — Proceedings  of  the  seminar,  Melbourne,  Victoria,  Australia.  16  September  1992 ,  W.  A.  Peck,  J.  L. 
Neilson,  R.  J.  Olds  &  K.  D.  Seddon,  cds,  1992,  418  pp.,  Hfl.  190/US$95.00.  A.  A.  Balkcma,  PO  Box  1675, 
Rotterdam,  Netherlands.  Please  order  from:  D.  A.  Book  (Aust.)  Pty,  PO  Box  163,  Mitcham,  Victoria  3132,  Australia 
[tel.:  (03)9210  7777;  telefax:  (03)9210  7788;  e-mail:  service@dadirect.com.au. 
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(O’Brien  1996).  Movement  on  the  east-west 
trending  faults  antedates  movement  on  the  north- 
south  Rowsley  fault  which  was  active  during  the 
Tertiary  and  Quaternary  (Singleton  1967,  1968; 
O’Brien  1996).  The  area  still  experiences  minor 
seismicity. 

Geological  setting  of  the  Permian  sediments 

The  Permian  sediments  of  the  Bacchus  Marsh  Area 
rest  unconfonnahly  on  Ordovician  and  Devonian 
basement  rocks.  The  Ordovician  rocks  consist  of 
tightly  folded  and  faulted  mudstones  and  fine 
sandstones  (the  mudstones  invariably  with  slaty 
cleavage)  with  minor  coarse  sandstones  and  fine 
pebble  conglomerate  beds.  The  slates  and  mud¬ 
stones  contain  impressive  sequences  of  graptolitc 
assemblages  (Cas  &  VandenBerg  1988).  These 
Ordovician  sequences  form  part  of  the  rock 
sequences  of  the  Lachlan  Eoldbelt  of  southeastern 
Australia  and  are  of  a  turbiditic  origin. 

Devonian  granitic  rocks  and  associated  porphy- 
ritic  felsic  dykes  intruded  the  Ordovician  sequences 
and  resulted  in  contact  metamorphism  producing 
lough,  dark  hornfcls  and  minor  quartzites.  Quartz 
veins  cross  cut  the  Ordovician  sequences  and  are 
common.  All  these  rocks,  in  addition  to  meta¬ 
morphosed  Cambrian  volcanics.  Late  Silurian  red 
bed  facies  sandstones  and  Siluro-Dcvonian  marine 
mudstones  and  sandstones  (all  from  outside  the 
Bacchus  Marsh  Area)  form  the  minimum  rock 
suites  that  contributed  to  the  detritus  of  the  Permian 
glacigenc  sequence. 

Low  in  the  Permian  sequence,  erratic  pebbles 
and  boulders  arc  dominated  by  local  sources  from 
the  Ordovician  sequences  but  the  proportion  of 
exotic  erratics  increases  higher  in  the  sequence  with 
numerous  granitic  types,  rhyolite,  quartzite,  con¬ 
glomerate,  schist  and  gneiss  invariably  of  unknown 
source  (Singleton  1967).  Selwyn  (1861b:  155)  had 
listed  granite,  greenstone,  various  porphyries,  hard 
slate,  gritty  sandstone,  grey  quartz  rock  and  quartz 
among  the  pebbles  and  boulders. 

As  the  knowledge  of  modern  sedimentary 
dcpositional  processes  has  advanced  so  to  has  the 
complexity  of  the  interpretation  of  ancient  sedi¬ 
mentary  sequences.  Whereas  the  geologists  of  last 
century  referred  to  the  conglomerates  and  sand¬ 
stones  of  the  Bacchus  Marsh  District  and  searched 
for  glacial  evidence  such  as  striated  boulders  and 
pavements,  modem  sedimentary  studies  recognise 
a  complex  of  sedimentary  environments.  O’Brien 
(1996)  recognised  5  major  categories  of  diamictitc 
representing  subglacial  lodgement  tillites,  supra- 
glacial  tillites,  possible  mudflow  deposits  or 
transitional  glacial  marine  facies  and  subglacial 


tillites  lacking  any  evidence  of  water  sorting  or 
slump  deformation.  Ice-rafted  facies,  deltaic  and 
subaqueous  outwash  fans,  fluvial  facies  and,  at 
least,  2  intervals  of  deposition  into  standing 
bodies  of  marine  water  have  been  recognised 
(O’Brien  1996). 

Overlying  the  Permian  sequences  in  the  Bacchus 
Marsh  Area  are  patches  of  Triassic  non-marine 
sequences  (minor),  Paleogene  and  Early  Neogcne 
basaltic  volcanics,  Paleogene  and  Neogene  non- 
marine  sedimentary  sequences  including  coal  (lig¬ 
nite),  Late  Neogenc-Qualemary  basaltic  volcanics 
and  Recent  alluvial  and  colluvial  deposits 
(Summers  1923;  Singleton  1968;  Roberts  1984). 


HISTORY  OF  INVESTIGATIONS 

Despite  the  early  suggestion  by  Selwyn  (1861a, 
1861b)  that  the  ‘conglomerate  beds’  were 
suggestive  of  ‘marine  glacial  transport’  he  noted 
that  ‘grooved  or  ice-scratched  pebbles  or  rock 
fragments’  had  ‘not  yet  been  observed’  (Selwyn 
1867).  Richard  Daintrec  (1831-1878)  when  writing 
of  the  conglomerates  of  the  Wcrribee  Gorge, 
(Daintrec  1863a,  1863b,  1897)  did  not  mention 
striated  boulders  but  later  (1866:  II)  he  noted  that 
front  the  ‘mud  pebble-beds,  on  the  Lcrdcrderg 
River,  immediately  below  where  that  river  leaves 
the  ranges’  he  had  ‘found  a  few  pebbles  grooved 
in  the  manner  I  have  read  of  as  caused  by  glacial 
action’.  Daintrec  (1863b:  20)  had  compared  the 
'conglomerates  and  freestones  of  Werribee  Gorge’ 
with  ‘possibly  old  red  sandstone’  but  decided  that 
they  had  ‘better  be  treated  under  the  head  of  Upper 
Paleozoic’  ...  'until  more  fossils  arc  collected  from 
the  series  to  determine  their  European  parallel’. 
[Bibliographical  note:  Daintrec  (1863a)  appears  to 
be  a  very  rare  publication.  According  to  Selwyn 
(1863:  4,  12)  it  was  published  on  cither  21  or 
28  May  1863.  Dunn  &  Mahony  (1910:  20)  give 
the  date  as  21  May  and  that  is  the  date  on  the 
publication  itself.  Daintree  (1863b)  is  also  rare 
and  is  undated.  I  am  assuming  it  was  issued  as  a 
separate  pamphlet  in  1863.] 

Daintree  and  Charles  Smith  Wilkinson  (1843- 
1891)  prepared  the  elegant,  detailed  quarter-sheet 
of  the  Bacchus  Marsh  District  at  a  scale  of  2  miles 
to  the  inch,  which  was  published  in  1868.  Detailed 
cross-sections  and  notes  followed  a  year  later 
(Daintree  &  Wilkinson  1869).  No  reference  is  made 
in  the  notes  to  a  possible  glacial  origin.  Several 
of  the  notes  arc  taken  directly  from  Selwyn  (1867). 
The  published  map  and  sections  testify  to  the 
quality  of  the  staff  of  the  Geological  Survey  of 
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Victoria  under  the  direction  of  A.  R.  C.  Selwyn 
(Darragh  1977).  Despite  these  early  comments, 
mapping  and  sections,  and  the  debate  concerning 
the  age  of  the  rocks  and  their  fossils  of  the  plant 
Gangamopteris  (see  discussion  below),  surprisingly 
little  in  the  way  of  additional  detailed  observations 
on  the  rock  sequences  seems  to  have  occurred 
until  the  1890s.  Reginald  A.  F.  Murray  (1884a: 
51)  referred  in  passing  to  the  'thick-bedded 
sandstones,  shales  and  mudstone  conglomerates’ 
flanking  the  ranges  of  the  Lcrdcrderg  and  of  the 
Werribee  Gorge’.  Additional  data  were  provided 
in  Murray’s  second  report  (1884b:  80)  wherein 
he  noted  that  sandstones  were  prominent  in  the 
upper  beds  whereas  ‘the  lower  beds  of  the  series 
...  in  many  places  consist  of  conglomerate’.  He 
repeated  Selwyn’s  comment  that  ‘grooved  or  ice- 
scratched  pebbles  have  not  been  observed’.  Murray 
also  noted  that  ‘sub-angular  pieces  of  granite  of 
a  different  character  to  any  occurring  in  situ 
in  the  district’  had  been  found  and  that  he  had 
‘heard  the  late  Sir  R.  Daintree  state  that  some  of 
these  fragments  resembled  no  granite  he  was 
acquainted  with  occurring  as  a  rock-mass  nearer 
than  Queensland’.  E.  J.  Dunn  (1887)  discovered 
striated  boulders  and  pebbles  in  the  ‘conglomerate’ 
near  Beechworth,  northeastern  Victoria,  and  also 
observed  ‘flat  surfaces,  and  the  peculiar  fractures 
of  the  pebbles,  so  characteristic  of  conglomerates 
that  have  been  formed  through  glacial  action’. 
He  compared  the  Victorian  ‘conglomerate’  with  the 
Dwyka  conglomerate  of  South  Africa,  which  he 
had  personally  studied,  and  elaborated  further  on 
his  observations  and  conclusions  in  a  later  paper 
(Dunn  1890a). 

Dunn  (1889)  visited  the  Bacchus  Marsh  Area 
and  remarked  on  the  diversity  of  the  lithological 
constituents  of  the  conglomerate.  He  noted  that 
‘the  forms  of  the  included  materials  and  the 
striatures  and  grooves  on  their  surfaces  prove 
that  this  conglomerate  is  of  glacial  origin’  (Dunn 
1889:  81).  Murray  (1890:  19)  appears  to  have 
been  unaware  of  Dunn’s  observations  for  he  states 
that  ‘no  ice-scratched  fragments  have  yet  been 
observed’  in  the  rocks  occurring  at  Bacchus  Marsh. 
Dunn  (1890b)  also  commented  on  the  nature  of 
the  sandstones  (freestones)  of  the  Bacchus  Marsh 
District  and  the  need  for  good  building  stone  in 
Melbourne.  The  Bacchus  Marsh  Sandstones  had 
previously  been  used  for  public  buildings  in 
Melbourne  including  the  (old)  Treasury  building, 
the  Parliamentary  Library  and  the  (old)  Custom 
House  (Selwyn  1867),  the  stone  coming  from 
quarries  opened  in  the  late  1850s.  In  the  Royal 
Society  of  Victoria’s  ‘Report  on  The  Resources  of 
the  Colony  of  Victoria’  dated  9  April  1860,  it  is 


noted  that  ‘the  Bacchus  Marsh  Stone  is  being  used 
in  the  erection  of  the  new  Treasury,  and  Custom 
House’  and  that  'the  stone  belongs  to  the  coal 
formation’  (Mueller  &  Irving  1860:  14).  Also 
noted  is  that  ‘beautiful  fossil  vegetable  impressions 
abound  in  the  above  quarries’ — presumably  refer¬ 
ring  to  specimens  of  Gangamopteris.  Subsequently 
sandstone  from  near  Grecndale  was  used  for 
numerous  public  building  purposes  in  the  village 
of  Greendale  (Baragwanath  1917a)  and  sandstone 
from  Ballan  was  used  for  the  private  Hunterston 
Homestead  (Baragwanath  1917b).  The  Court  House 
at  Bacchus  Marsh  also  is  built  of  these  sandstones 
(Summers  1923).  David  (1887)  provided  a  con¬ 
temporary  review  of  early  observations  on  the 
Bacchus  Marsh  sequences  but  had  not  yet  visited 
the  Victorian  localities.  This  he  would  achieve  in 
December  1894  (David  1896a).  David  (1890:  461, 
463)  had  also  previously  indicated  that  the  'Bacchus 
Marsh  Sandstone,  containing  Gangamopteris  may 
be  the  equivalent  of  part  of  the  New  South  Wales, 
Permo-Carboniferous  system’  and  that  a  plant 
‘seemingly  allied  to  Gangamopteris’  had  been 
found  in  ‘a  low  horizon  of  the  lower  marine  series’. 

The  1890s  witnessed  a  flurry  of  investigations 
on  the  Permian  sequences  of  the  Bacchus  Marsh 
District  by  such  geologists  as  Graham  Officer, 
Evelyn  G.  Hogg,  Lewis  Balfour,  George  Sweet, 
Tannatt  William  Edgeworth  David  and  Charles 
Clifton  Brittlcbank  (the  last  being  a  resident  to  the 
north  of  the  Werribee  Gorge  in  the  residence  known 
as  ‘Dunbar’).  At  least  two  activities  by  learned 
societies  appear  to  have  stimulated  portion  of 
this  renewed  activity.  The  first  was  the  frequent 
excursions  by  the  Field  Naturalists’  Club  of  Victoria 
to  the  Werribee  Gorge  during  the  1890s  (see 
Best  &  Sweet  1891;  Barnard  1894,  1908;  Hall 
1895)  with  leaders  such  as  Sweet,  Brittlcbank  and 
G.  B.  Pritchard.  The  second  was  the  impetus  for 
investigations  provided  by  the  Research  Committee 
appointed  to  collect  evidence  as  to  glacial  action 
in  Australasia  by  the  Australasian  Association  for 
the  Advancement  of  Science. 

Striated  pebbles  and  boulders  (Ferguson  1891; 
Officer  &  Balfour  1893,  1894;  Sweet  &  Brittlcbank 
1893;  David  1896a,  1896b)  were  cited  as  the 
strongest  evidence  for  a  glacial  origin  in  addition 
to  the  occurrences  of  striated  pavements  or  roche 
moutonnees  (Sweet  &  Brittlebank  1893;  Officer  & 
Balfour  1893,  1894;  Officer  et  al.  1896;  Brittlcbank 
ct  al.  1898;  Brittlcbank  1901).  Increasing  attention 
was  paid  to  subdivisions  of  the  Permian  sequence 
and  stratigraphical  columns  (David  1896b;  Officer 
&  Balfour  1894).  Some  degree  of  misunderstand¬ 
ing  as  to  who  were  the  prior  workers  in  the  area 
appears  to  have  existed  between  Sweet  and  Brittle- 
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bank  on  the  one  hand  and  Officer  and  Balfour 
on  the  other  (e.g.  see  Officer  &  Balfour  1896; 
Brittlcbank  et  al.  1898).  Despite  these  difficulties 
the  quality  of  the  observations  of  these  workers  in 
the  1890s  was  substantial.  Brittlcbank  was  a  careful 
map  producer  and  drawer  of  sections.  His  detailed 
map  of  1893,  based  in  part  on  Daintrce  and 
Wilkinson’s  map,  extends  the  area  of  the  latter 
map  to  the  north  (see  pi.  12  of  Sweet  &  Brittlcbank 
1893).  Brittlcbank  appears  to  have  drafted  this 
map  and  also  that  of  1898  (in  Brittlcbank  et  al. 
1898)  although  other  geologists  such  as  Sweet  or 
David  were  involved  with  field  work  in  his 
company.  He  also  took  part  in  the  measurement 
of  sections  (e.g.  that  in  pi.  12  of  David’s  1896b 
work).  Probably  his  finest  detailed  work  was  the 
geological  sketch  plan  and  section  of  the  Wcrribce 
Gorge  published  in  1899.  Brittlcbank  (1896)  also 
provided  detailed  observations  on  the  Tertiary  units 
overlying  the  glacial  sequences,  the  relationships 
of  the  glacials  to  the  underlying  rocks  (Brittlcbank 
1901)  and  the  rate  of  erosion  of  the  valleys  of  the 
Werribee  and  Lerdcrdcrg  rivers  (Brittlcbank  1900). 

Several  of  these  early  workers  gave  informal 
names  to  the  glacigene  sediments  such  as 
Bacchus  Marsh  Glacial  Conglomerate  (David 
1896),  Bacchus  Marsh  Sandstones  (Officer  & 
Balfour  1894;  Pritchard  1910),  Permo-Carbon¬ 
iferous  Glacial  Beds  (Officer  &  Hogg  1897).  All 
Permian  sediments  in  the  Bacchus  Marsh  area  were 
formally  named  as  the  Bacchus  Marsh  Formation 
by  Roberts  (1984)  who  also  named  one  con¬ 
glomerate  bed  at  Korkuperrimul  Creek  the  Morton 
Conglomerate  Member. 

Numerous  published  accounts  during  the  20th 
Century  have  added  to  the  regional  geology 
(e.g.  Pritchard  1914;  Fenner  1918;  Ferguson  1920; 
Howchin  1920;  Summers  1923,  1935;  David  1932; 
Jacobson  &  Scott  1937;  Mahony  1937;  Kenley 
1952;  Bowen  1958;  Bowen  &  Thomas  1976;  and 
Crowell  &  Frakes  1971a,  1971b).  Specific  site 
descriptions  have  been  provided  by  Brittlcbank 
(1899),  Hall  (1909),  Robbins  (1973a,  1973b),  Davis 
&  Mailed  (1981),  Roberts  (1984),  Quick  (1988) 
and  O’Brien  (1989).  The  surface  texture  of  sand- 
grains  was  described  by  Hamilton  &  Krinsley 
(1967).  A  series  of  reviews  have  been  published 
during  the  last  30  years  approaching  the  inter¬ 
pretation  of  the  Permian  sequences  from  different 
aspects  (Spencer-Jones  1969;  Singleton  1968; 
Bowen  &  Thomas  1976,  1988;  VandenBerg  1988; 
O’Brien  1981,  1996;  Archbold  1992).  O’Brien 
(1996)  has  provided  the  most  comprehensive  and 
detailed  descriptions  of  lithologies,  facies  and 
interpretations  of  the  Permian  sequences  in  the  light 
of  recent  work  on  modern  and  Pleistocene  glacial 


sequences.  Unfortunately,  O’Brien’s  1996  work  is 
a  rare,  local  publication  of  limited  circulation. 


AGE  OF  THE  PERMIAN  SEQUENCES 

The  Permian  glacial  sediments  of  Bacchus  Marsh 
have  yielded  a  range  of  palaeontological  materials 
including  leaves,  palynological  samples  and  marine 
fossils  the  latter  indicating  two  brief  marine 
incursions  into  the  region. 

The  earliest  work  centred  on  the  discovery 
of  fossil  leaves  of  which  Clarke  (1861a:  92) 
noted  ‘what  I  saw  in  the  museum  of  so-called 
Glossopteris  Browniana ,  from  Darley  and  Bacchus 
Marsh,  did  not  appear  to  me  to  be  certain  evidence 
of  the  species’.  McCoy  (1861a:  107)  confirmed 
that  he  had  ‘not  yet  seen  perfectly  decisive 
specimens  ...  of  the  Glossopteris'  but  that  he  had 
an  ‘abundance  of  fronds  of  a  new  genus’  that  he 
had  previously  figured  from  New  South  Wales 
as  Cyclopteris.  Selwyn  (1861a:  182,  1861b:  154), 
also  referred  to  Cyclopteris  from  Bacchus  Marsh, 
following  the  identification  of  the  genus  by  McCoy. 
McCoy,  in  a  footnote,  on  the  same  page  of  the 
above  publication  (McCoy  1861a)  named  the  new 
genus  Gangamopteris.  McCoy  maintained  that  the 
fossil  leaves  were  Mesozoic  and  hence  began  a 
long  debate  on  the  age  of  the  sandstones  (Clarke 
1861b,  1878;  McCoy  1861b,  1867,  1875;  Selwyn 
1861a,  1867;  Fcistmante!  1878;  Murray  1884a, 
1884b  and  others— see  Rigby  &  Chandra  1990 
for  a  modern  review  of  the  controversy).  McCoy 
(1875)  described  and  illustrated  the  fossil  leaves 
and  described  three  species,  Gangamopteris  angust- 
ifolia,  G.  spatulata  and  G.  obliqua.  The  first  species 
was  misspelt  as  augustifolius  in  McCoy  (1867) 
and  misquoted  as  Gangemopteris  (sic)  longifolius 
in  Selwyn  (1867),  Daintrce  (1866)  and  Daintrce  & 
Wilkinson  (1869).  The  misquotation  of  the  name 
was  also  repeated  in  Ulrich  (1874:  58,  1875:  76, 
78)  in  his  catalogues  of  specimens  in  the  Industrial 
and  Technological  Museum  (Melbourne).  David 
(1896a:  62)  in  a  series  of  quotations  from  Daintree 
(1866)  corrected  the  spelling  of  Gangamopteris 
but  retained  the  incorrect  species  name.  It  is  note¬ 
worthy  that  one  of  McCoy’s  two  plates  (pi.  13, 
figs  1,  la,  2,  2a)  which  illustrated  his  account 
of  the  two  Gangamopteris  species  angustifolia  and 
spatulata  had  been  prepared  some  15  years  prior 
to  publication  by  the  German  artist-naturalist, 
Ludwig  Becker  (1808-1861).  Becker  worked  for 
McCoy  from  July  1858  until  January  1859  pro¬ 
ducing  drawings  and  lithographic  plates  (Darragh 
1997).  In  view  of  the  fact  that  at  least  some 
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specimens  of  the  Gangamopteris  were  available  no 
later  than  early  1859,  it  is  perhaps  surprising  that 
no  mention  was  made  of  them  in  McCoy’s  (1861c) 
essay.  The  reports  of  Selwyn,  Dainlree  &  Daintree 
and  Wilkinson  generally  favoured  an  Upper 
Palaeozoic  age  for  the  sedimentary  succession 
but  a  transitional  ‘Carbonaceous’  period  or  Lower 
Mesozoic  age  progressively  was  used  by  the 
Geological  Survey  of  Victoria  into  the  1890s. 
Murray  exchanged  data  with  Charles  Wilkinson, 
a  person  with,  ‘long  practical  experience  in  both 
colonics’  and  concluded  that  an  early  Mesozoic 
age  was  preferable  for  the  Gangamopteris  sand¬ 
stones — a  view  maintained  in  both  editions  of  his 
Geology  and  Physical  Geography  of  Victoria 
(Murray  1887,  1895).  Dunn  (1892:  3),  however, 
considered  that  'the  balance  of  evidence  favours 
the  view  that  these  rocks  are  of  Palaeozoic  age’. 
Clarke  (1861a,  1861b,  1878)  argued  strongly  for 
a  Carboniferous  age  for  the  Glossopleris  coal 
measures  of  New  South  Wales  contrary  to  the 
views  of  McCoy  and  others  who  *. . .  have  so 
long  disputed  facts  attested  by  geologists  in  New 
South  Wales  who  arc  familiar  with  that  Colony 
and  with  Victoria  also,  but  who  are  ignored  by 
the  closet — geologists  of  the  latter’  (Clarke  1878: 
7).  It  is  noteworthy  that  the  debate  over  the  age 
of  the  sequences  ‘saved  for  the  geologists  of 
India  the  credit  for  establishing  the  non-European 
character  of  Late  Palaeozoic  successions  in  the 
southern  lands’  (Vallancc  1975:  30).  [ Biblio¬ 

graphical  note:  The  essays  published  by  Selwyn 
(1861a)  and  McCoy  (1861c)  were  also  published 
in  German  (Selwyn  1861c;  McCoy  1861d)  and  in 
French  (not  seen  by  the  present  author)  in  editions 
for  the  London  International  Exhibition  of  1862.] 
Kovacs-Endrody  (1977)  and  Rigby  &  Chandra 
(1990)  repeated  McCoy’s  (1875)  illustrations  or 
refigured  specimens.  Additional  plant  remains 
were  mentioned  or  described  by  McCoy  (1892, 
1894;  in  an  appendix  in  Officer  &  Balfour 
1894,  1895,  1898)  and  Pritchard  (1910)  but  these 
are  essentially  unidentifiable  in  modem  terms. 
Chapman  (1906)  described  a  specimen  he  referred 
Gangamopteris  which  has  subsequently  been 
referred  to  Glossoptcris  (see  Rigby  &  Chandra 
1990).  The  most  recent  revision  of  the  macro  plant 
fossils  from  the  Permian  of  Bacchus  Marsh  is  that 
of  Rigby  &  Chandra  (1990)  who  documented  the 
mixed  Gangamopteris-Glossopteris  nature  of  the 


flora  and  favoured  an  early  Permian  age.  Several 
figures  from  McCoy  (1875)  and  Rigby  &  Chandra 
(1990)  are  repeated  herein  (Fig.  2). 

Sporomorphs  from  a  tillitic  rock  in  Coimadai 
Creek,  Bacchus  Marsh,  have  been  described  by 
Virkki  (1939,  1946),  Pant  (1949,  1955)  and  Pant 
&  Mehra  (1963)  and  reviewed  by  Douglas  (1969). 
All  these  reports  indicate  an  Early  Permian  age 
for  their  localities.  Truswel!  (in  O’Brien  1996:  2) 
reported  on  a  microflora  from  samples  from  the 
Lerderderg  River  and  assigned  it  to  the  'Stage  2 
Microflora  Zone’  which  is  most  likely  Asselian 
and  Early  Sakmarian  (Tastubian)  in  age  (Archbold 
1982,  1995).  Modem  work  is  required  in  order  to 
fully  assess  any  range  in  ages  for  the  various  spore 
yielding  localities. 

Two  marine  incursions  are  recognised  in  the 
Permian  sequences  of  the  Bacchus  Marsh  area 
based  on  the  discovery'  of  marine  fossils  (Garratt 
1969;  Thomas  1969)  at  localities  adjacent  to 
Korkuperrimul  and  Coimadai  Creeks.  One  of  the 
incursions,  on  the  basis  of  the  discovery  of 
Notoconularia  inornata  (Dana,  1849),  appears  to 
be  no  older  than  Artinskian  (Thomas  1969).  This 
marine  incursion  is  represented  by  a  conglomerate 
bed  (the  Morton  Conglomerate  Member  as  defined 
by  Roberts  1984)  that  rests  unconformably  on  the 
Gangamopteris-Glossopteris  bearing  sandstones. 

The  second  marine  incursion  is  known  from 
marine  fossils  discovered  in  a  conglomerate  lens 
on  the  western  side  of  Coimadai  (or  Pyrcte)  Creek 
(now  submerged  beneath  the  waters  of  Lake 
Mcrrimu).  Fragmentary  Paraconularia  sp.  (Garratt 
1969;  Thomas  1969)  and  the  brachiopod  Trigo- 
notreta  victoriae  Archbold  (1991)  are  characteristic 
of  the  faunal  assemblage  and  a  Late  Assclian- 
Tastubian  age  is  preferred  for  this  marine  incursion 
(Archbold  1991).  Illustrations  of  marine  fossils 
(Fig.  3)  are  after  Thomas  (1969)  and  Archbold 
(1991). 

No  palaeontological  data  yet  exists  indicating 
ages  for  the  Permian  sequences  of  Bacchus  Marsh 
being  younger  than  Early  Permian. 
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Fig.  2.  Permian  plants  from  Bacchus  Marsh,  Victoria.  A,  Gangamopteris  angustifolia  McCoy  (after  McCoy  1875: 
pi.  12,  fig.  I).  B,  C,  E,  Glossopleris  douglasii  Rigby  &  Chandra  (after  Rigby  &  Chandra  1990:  figs  2D,  2E,  3). 
D,  Gangamopteris  spatulata  McCoy  (after  McCoy  1875:  pi.  13,  fig.  1). 
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ADDENDUM 

Correlation  of  the  Gangamopteris  flora  of  the 
Bacchus  Marsh  Sandstones  with  the  New  South 
Wales  rock  sequences  was  a  question  of  con¬ 
siderable  discussion  during  the  1880s.  Fcistmantcl 
(1878:  163)  had  previously  suggested  a  possible 
correlation  of  the  Bacchus  Marsh  Sandstones 
'partly  on  the  horizon  of  the  Newcastle  beds’. 
Murray  (1887:  85)  quoting  C.  S.  Wilkinson’s 
opinions,  correlated  the  Bacchus  Marsh  Sandstones 
with  the  Hawkesbury  Sandstones  of  New  South 
Wales  (Triassic  cf.  David  1888,  1889).  strati- 
graphically  above  the  Newcastle  coal  measures. 
However  by  1887,  Gangamopteris  had  only  been 
clearly  recognised  from  the  Newcastle  beds  not 
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from  the  sequences  above  or  below  (Fcistmantcl 
1878:  161;  Oldham  1886:  45).  David  (1890:  461) 
considered  the  possibility  that  the  Bacchus  Marsh 
Sandstones  could  be  contemporaneous  with  part  of 
the  Permo-Carboniferous  system  of  New  South 
Wales.  The  term  Permo-Carboniferous  was  used 
by  David  (1889:  278)  to  include  the  Newcastle 
coal  measures,  whereas  previously  (1887:  190, 
1888:  83)  he  had  referred  them  to  the  Permian, 
following  the  classificaton  of  C.  S.  Wilkinson. 
David  (1890:  463)  appears  to  have  been  the  first 
to  record  a  probable  Gangamopteris  specimen  from 
much  lower  than  the  Newcastle  series  in  the  lower 
marine  series  below  the  Greta  coal  measures, 
thereby  paving  the  way  for  an  Early  Permian  age 
for  the  Bacchus  Marsh  Sandstones. 


DISTORTION  IN  THE  STRATIGRAPHY  AND  BIOSTRATIGRAPHY  OF  TIMOR, 
A  HISTORICAL  REVIEW  WITH  AN  ANALYSIS  OF  THE 
CRINOID  AND  BLASTOID  FAUNAS 


Gary  D.  Webster 

Department  of  Geology,  Washington  State  University,  Pullman,  WA  99164-2812, 

United  States  of  America 

Webster,  Gary  D.,  1998:11:30.  Distortion  in  (he  stratigraphy  and  biostratigraphy  of  Timor, 
a  historical  review  with  an  analysis  of  the  crinoid  and  blastoid  faunas.  Proceedings  of 
the  Royal  Society  of  Victoria  110(1/2):  45-72.  ISSN  0035-9211. 

Permian  fossils  have  been  known  from  Timor  since  the  latter  part  of  the  1800s.  The 
generally  accepted  ages  of  the  ammonoid  faunas,  recognised  in  the  early  1900s  from  West 
Timor,  are  early  Sakmarian,  Aitinskian.  early  Wordian,  Wordian  and  Wuchiapingian.  These  ages 
have  been  applied  to  all  invertebrates  from  Timor,  although  the  other  invertebrates  are  known 
to  occur  in  strata  without  ammonoids  at  some  localities.  At  other  localities  where  auunonoids 
and  other  invertebrates  have  been  reported  there  is  no  known  stratigraphy.  Biostratigraphy  of 
the  invertebrates  cannot  be  fully  resolved  until  the  stratigraphy  of  each  of  the  major  localities 
of  Timor  is  known  in  detail. 

Crinoids  and  blastoids  reported  from  nearly  100  localities  are  used  to  demonstrate  the 
biostratigraphic  problems  recognised  on  Timor.  The  Bitauni  echinodcnn  fauna  is  Artinskian 
based  on  conodonts.  Echinodenn  faunas  from  the  vicinity  of  Basleo,  Timor  arc,  in  part, 
correlated  with  Artinskian,  echinodenn  faunas  in  Western  Australia,  Oman  and  Russia.  Other 
parts  of  the  Basleo  faunas  arc  possibly  Wordian  and  Wuchiapingian  by  correlation  with  eastern 
Australia  and  North  and  South  America.  The  Amarassi  fauna  contains  the  youngest  Permian 
crinoids  known  from  cups  and  crowns. 

Earlier  interpretations  of  a  Late  Permian  range  for  all  crinoid  genera  and  a  Permian  range 
for  all  blastoid  genera  from  Timor  are  in  error.  The  above  statements  may  apply  to  other 
non-antmonoid  invertebrate  faunas  from  Timor. 


SINCE  the  early  studies  of  the  West  Timor 
invertebrate  faunas  in  the  first  half  of  the  1900s 
their  age  has  commonly  been  cited  as  Late  Permian 
(J.  Wanner,  numerous  papers  1911-1949;  Bassler 
&  Moodey  1943;  Moore  &  Teichcrt  1978;  among 
others),  although  faunas  from  some  localities  were 
known  to  be  of  Early  Permian  age  (Schubert  1915; 
Burck  1923;  Thompson  1949).  Ages  assigned  to 
the  invertebrates  were  based  on  ammonoids  from 
the  same  locality.  In  many  instances  specimens 
were  retrieved  from  the  regolith  in  areas  of  high 
relief,  with  no  stratigraphic  control  (Burck  1923). 
Many  specimens  were  purchased  with  no  veri¬ 
fication  of  the  locality,  if  known.  In  addition,  some 
localites  were  vaguely  defined,  such  as  the  site  of 
a  hut  or  village. 

The  range  of  Permian  crinoid  genera  from 
Timor  has  been  extended  through  the  Late  Permian 
(Moore  &  Teichcrt  1978)  to  show  massive 
extinctions  at  the  end  of  the  Permian  even  though 
the  age  was  not  initially  cited  as  latest  or  even 
Late  Permian  for  some  genera.  Blastoid  genera 
from  Timor  were  assigned  a  range  of  Permian 
(Moore  1967),  when  some  genera  were  known  to 
be  from  a  single  locality  and  a  spot  age  within  a 


stage.  The  incorrect  age  designation  and  extension 
of  the  ranges  above  and  below  the  horizon  of 
occurrence  may  have  produced  extensive  inaccuracy 
in  the  interpretation  of  Pcrmo-Triassic  boundary 
extinctions  and  first  and  last  occurrence  tabulations. 

The  purposes  of  this  paper  are:  (I)  to  review 
the  literature  of  Permian  stratigraphy  on  Timor; 
(2)  to  examine  stratigraphic  relationships  of  the 
non-ammonoid  invertebrates  to  ammonoids  at 
localities  with  stratigraphic  control;  (3)  to  review 
interpretations  of  the  age  of  Timor  cchinoderm 
faunas;  and  (4)  identify  problems  and  correlations 
with  other  faunas  worldwide. 


HISTORY 

1862-1950 

The  invertebrate  faunas  of  West  Timor  were 
initially  reported  and  considered  Carboniferous  by 
Beyrich  (1862);  subsequently  they  were  recognised 
as  Permian  by  Rothplctz  (1892).  However,  the 
faunas  remained  poorly  known  until  expeditions  of 
J.  Wanner  in  1909  and  1911,  G.  A.  F.  Molengraaff 
in  1910-1911,  J.  Weber  in  1911  and  H.  G.  Jonker 
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in  1916  acquired  large  collections  of  abundant, 
diverse  and  remarkably  well  preserved  specimens 
(Schubert  1915;  Haniel  1915;  J,  Wanner  1926). 
Additional  collections  were  obtained  by  a  field 
class  from  the  Geological  Institute,  University  of 
Amsterdam,  led  by  H.  A.  Brouwer  in  1937  when 
the  Spanish  Civil  War  prevented  field  studies  in 
Spain  (Brouwer  1942).  Most  of  these  collections 
arc  housed  at  Delft  and  Leiden,  The  Netherlands. 
Another  large  collection  of  the  Timor  cchinoderms 
is  at  Bandoeng,  Indonesia,  and  contains  a  reported 
22  500  specimens  of  echinoderms  (Wanner  1929). 
Worldwide,  numerous  trade  and  purchased  speci¬ 
mens  of  the  Timor  invertebrates  arc  in  various 
museums  and  university  collections. 

More  than  100  localities  yielding  invertebrates 
have  been  reported  from  Timor.  Schubert  (1915) 
listed  17  foraminifera  localities,  with  one  probable 
duplication;  Broili  (1916)  reported  74  brachiopod 
localities;  and  Gcrth  (1927)  identified  42  coral 
localities.  J.  Wanner  (1924a)  cited  38  crinoid  local¬ 
ities  from  nine  districts  in  West  Timor  and  one 
locality  from  East  Timor.  Although  there  is  some 
locality  duplication  among  these  various  reports, 
the  major  locality  in  each  is  the  Basleo  area. 
J.  Wanner  (1926)  stated  that  over  90%  of  the 
crinoid  species  and  75%  of  all  the  remaining 
invertebrate  faunas  of  Timor  were  reported  from 
the  vicinity  of  Basleo  (Appendix,  loc.  1).  Wanner 
(1924a)  considered  many  of  the  localities  to  be 
inadequately  collected. 

Basleo  localities  2  through  6  were  reported  to 
be  in  a  red-brown  or  yellow  marl  and  7  through 
9  from  a  greenish  tuff  (Appendix).  These  were  the 
richest  crinoid-producing  localities  separately  desig¬ 
nated  in  the  Basleo  area.  A  similar  locality  register 
was  given  for  the  37  blastoid  localities,  when 
J.  Wanner  (1924b)  also  reported  an  additional 
crinoid  from  a  conglomerate  in  the  Basleo  area. 
Thus  three  crinoid-bearing  lithologies  are  known 
from  the  Basleo  area,  but  the  lithologies  of  the 
bulk  of  the  Basleo  specimens  are  unknown. 
Combining  duplicates,  56  localities  from  West 
Timor  and  one  from  East  Timor  yielded  Permian 
crinoids  and  blastoids  (Wanner  1924a,  1924b). 
Wanner  (1931a)  reported  28  ammonoid  localities 
from  the  Basleo  region  and  23  of  these  also  yielded 
crinoids.  Wanner  (1931a)  considered  all  Basleo 
fossils  to  come  from  the  same  horizon  and  to  be 
of  the  same  age,  Late  Permian.  Later,  Wanner 
(1937,  1940)  described  new  camerate  crinoids  and 
the  inadunatc.  Timorocidaris,  from  16  localities  in 
the  Basleo  area  that  are  in  part  the  same  as  earlier 
reported  localities,  but  specific  locality  information 
is  lacking  for  a  number  of  the  specimens  and  some 
possible  duplication  cannot  be  verified. 


Bassler  and  Moodey  (1943),  summarising  the 
Timor  Permian  crinoid  and  blastoid  faunas,  listed 
42  localities,  many  in  the  Basleo  Region.  They 
did  not  recognise  the  different  Dutch  and  German 
spellings  for  the  same  locality  in  various  pub¬ 
lications  and  thus  Toenioen  Eno  and  Tuniun  Eno 
are  cited  as  different  localities.  Comparison  of  the 
more  than  100  reported  localities  by  various  authors 
shows  some  locality  duplication.  Some  of  the  same 
localities,  especially  those  yielding  the  most  diverse 
and  abundant  specimens,  were  collected  by  more 
than  one  of  the  expeditions  to  Timor  (Burck  1923). 
It  is  also  possible  that  some  localities  collected  by 
different  parties  of  the  Timor  expeditions  have  been 
given  different  names  and  specific  geographic 
information  is  insufficient  to  recognise  them  as 
duplicates.  Listed  in  the  Appendix  are  a  compilation 
of  the  localities  cited  by  Wanner  (1924a,  1924b) 
followed  by  loealites  given  by  Bassler  &  Moodey 
(1943)  and  Wanner  (1937,  1940)  that  do  not  match 
the  earlier  citations. 

A  majority  of  the  localities  (43  of  the  57  of 
Wanner  1924a,  1924b;  23  of  the  35  of  Wanner 
1937,  1940;  and  Bassler  &  Moodey  1943)  have 
three  or  fewer  species  reported  from  them. 
Although  these  localities  arc  important  for  a 
complete  understanding  of  the  Timor  stratigraphy 
they  contain  few  species  not  reported  from  other 
localities.  Most  of  these  localities  arc  considered 
inadequately  collected  as  suggested  (Wanner  1931) 
and  are  not  discussed  in  detail  herein. 

Initial  interpretations  of  the  Permian  age  of  the 
Timor  faunas  were  mixed.  Schubert  (1915),  Marcz 
Oyens  (1940)  and  Thompson  (1949)  considered 
the  fusulinids  from  several  localities  including  the 
Basleo  area  to  be  of  Early  Permian  age.  Broili 
(1916)  recognised  several  brachiopod  faunas  repre¬ 
senting  multiple  levels  but  did  not  specify  stages 
in  the  Permian.  Bather  (1914)  and  Springer  (1920, 
1924)  thought  parts  of  the  cchinoderm  faunas 
suggested  a  possible  Carboniferous  age  in  contrast 
to  the  Middle  Permian  age  assigned  by  Wanner 
(1924a,  1924b).  C.  Wanner  (1922)  considered  the 
gastropods  and  bivalves  to  be  Early  Permian.  The 
corals  (Gcrth  1921)  and  sponges  (Geifh  1927)  were 
interpreted  as  of  unspecified  Permian  age. 

Haniel  (1915),  noting  the  particular  abundance 
of  the  Bitauni  faunas,  interpreted  five  horizons 
based  on  ammonoids  from  Timor:  three  in  the 
Early  Permian,  one  (Basleo)  on  the  boundary  of 
the  Early  and  Late  Permian  and  one  in  the  Late 
Permian.  Smith  (1927)  considered  the  ammonoids 
to  represent  two  Early  and  two  Late  Permian 
faunas.  Wanner  (1931a)  reviewed  the  ammonoid 
occurrences  and  reported  an  Early  Permian  age  for 
the  Somoholc  and  younger  Bitauni  faunas,  a  Late 
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Permian  age  for  the  Basleo  faunas,  and  an  even 
younger  Late  Permian  age  for  the  Amarassi  faunas. 
Marcz  Oyens  (1938)  and  Simons  (1940)  suggested 
subdivision  of  the  Bitauni  faunas  was  possible. 
Brouwer  (1942)  thought  that  six  ammonoid  faunas 
could  be  recognised  with  further  subdivision  of  the 
Bitauni  and  Basleo  faunas.  Gerth  (1950)  recognised 
five  major  faunas,  three  Early  and  two  Late 
Permian  and  believed  that  the  two  oldest  could  be 
subdivided  into  additional  faunas. 

Large  parts  of  the  Timor  faunas  were  described 
in  Palaontologie  von  Timor  edited  by  J.  Wanner 
(1914-1929)  and  the  remainder  in  numerous  pub¬ 
lications  in  various  journals  (Gerth  1927;  among 
others).  Although  elements  of  the  early  collections 
remain  to  be  described,  major  contributions  were 
essentially  completed  with  the  description  of  some 
of  the  poteriocrinid  crinoids  by  Wanner  (1949)  and 
additional  ammonoids  by  Gerth  (1950).  In  all  of 


these  systematic  descriptions,  stratigraphic  position 
and  other  details  arc  not  given,  only  a  locality 
reference  provides  moderately  specific  geographic 
position  on  Timor  (Fig.  1). 

1950-present 

Regional  and  worldwide  reviews  of  Permian  fossils 
have  commonly  included  elements  of  the  Timor 
faunas  (Tcichcrt  1951;  among  others).  The  dis¬ 
covery  of  new  Permian  fossils  in  various  parts  of 
the  world  have  often  made  comparisons  to,  or 
required  revision  of,  elements  within  the  Timor 
faunas  (Teichert  &  Glenister  1952;  among  others). 
Timor  brachiopods,  crinoids  and  ammonoids  have 
been  used  for  correlation,  in  preference  to  other 
invertebrates.  Grant  (1976)  recognised  four  Timor 
brachiopod  faunas  corresponding  to  the  four 
ammonoid  faunas  of  Wanner  (1931a),  namely: 


Fig.  1.  Map  of  West  Timor  showing  major  fossil  localities  collected  on  early  expeditions  and  referred  to  by 
various  authors. 
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Somohole,  late  Asselian-Sakmarian;  Bitauni,  lastest 
Sakmarian  through  Artinskian;  Basleo,  Kazanian; 
and  Amarassi,  lastest  Kazanian-Dzhulfmn.  Water- 
house  (1981)  considered  the  Bitauni  brachiopods 
to  be  Kungurian.  Two  brachiopod  faunas  front  the 
Maubisse  Formation  in  West  Timor  were  con¬ 
sidered,  Sakmarian  (Archbold  &  Barkham  1989) 
and  Chiddruan  (Archbold  &  Bird  1989).  Some  of 
these  specimens  were  collected  from  soil  horizons, 
but  most  were  collected  in  situ.  Crinoid  rich  beds 
were  reported  to  be  dolomites  and  non-reefal  in 
Archbold  &  Bird  (1989)  and  calcarcnites  and  cal- 
carenites  with  calcareous  shales  in  Archbold  & 
Barkham  (1989).  No  crinoids  or  ammonoids  were 
identified  in  their  reports. 

Few  ammonoids  have  been  described  from 
Timor  since  1950.  However,  studies  of  Permian 
ammonoids  from  different  parts  of  the  world  have 
included  descriptions  of  a  few  new  taxa  and 
reallocation  of  others  from  Timor  (Saunders  1971; 
Glenister  &  Furnish  1988).  The  abundance  and 
diversity  of  the  Sontohole  and  Moetis  ammonoid 
faunas  were  briefly  discussed  by  Furnish  & 
Glenister  (in  Saunders  1971). 

Modem  studies  of  the  Permian  ammonoids  of 
Timor  agree  with  earlier  studies,  that  is,  more  than 
one  fauna  is  present  and  that  more  than  one  fauna 
may  be  present  at  some  localities.  Glenister  & 
Furnish  (1987)  reported  a  Sakmarian  age  for  the 
Somohole,  Artinskian  for  the  Bitauni,  Wordian  for 
the  Basleo  and  Amarassian  for  the  Amarassi  faunas. 
This  corresponds  to  Grant’s  (1976)  four  brachiopod 
faunas,  differing  only  with  the  Basleo  brachiopods 
considered  Kazanian  by  Grant  (1976) — perhaps 
only  a  semantic  difference.  Glenister  &  Furnish 
(1987)  also  reported  one  Amarassian  type  am¬ 
monoid  from  the  Basleo  area.  This  provides 
additional  support  for  the  earlier  interpretation  of 
Smith  (1927)  that  more  than  one  ammonoid  fauna 
occurs  in  the  Basleo  area. 

Conodonts  recovered  from  ammonoid  matrix 
materials  and  in  situ  blocks  from  the  Jonkcr  and 
Brouwer  collections  at  Bitauni  and  the  Moetis 
region  are  Artinskian  (Boogaard  1987).  He  found 
abundant  specimens  in  matrix  material  around 
ammonoids  but  sparse  in  the  crinoidal  pink  lime¬ 
stone  that  was  given  as  stratigraphically  below  the 
ammonoid  beds  (Boogaard  1987).  The  stratigraphic 
sequence  at  Bitauni  is  inverted  and  the  pink 
crinoidal  limestone  is  stratigraphically  above  the 
ammonoid  beds  (Burck  1923)  as  discussed  below. 
Boogaard  (1987)  mentioned  that  small  ammonoids 
occur  rarely  in  the  pink  limestone,  but  did  not 
identify  them  or  discuss  their  age  relationships. 

Regional  and  intercontinental  correlations  in 
other  parts  of  the  world  are  often  related  to  the 


Timor  ammonoids  as  a  world  standard  (Glenister 
&  Furnish  1988).  This  is  somewhat  surprising, 
given  that  Timor  exposures  lack  a  good  continuous 
stratigraphic  section,  among  other  problems.  The 
Somohole  and  younger  Bitauni  ammonoid  faunas 
are  correlated  to  equivalents  in  Western  Australia, 
the  type  Sakmarian  and  Artinskian  of  Russia  and 
the  upper  Wolfeampian  and  Leonardian  of  west 
Texas.  The  Basleo  fauna  is  correlated  with  faunas 
from  the  Sosio  Limestone  of  Sicily,  Djebel  Tebaga 
of  Tunisia  and  Wordian  of  west  Texas.  Amarassian 
ammonoids  arc  correlated  with  equivalents  in 
Western  Australia  and  India. 


STRATIGRAPHY 

It  has  often  been  stated  that  the  Timor  faunas  are 
derived  from  isolated  blocks  and  that  there  is  little 
or  no  stratigraphic  or  structural  control  known  for 
the  faunas  (Wanner  1931a;  De  Roever  1940;  among 
others).  Much  of  the  material  was  indiscriminately 
collected,  often  from  soil  horizons,  and  some  came 
from  local  inhabitants  who  brought  loose-weathered 
specimens  from  undesignated  or  loosely  defined 
localities  to  the  field  parlies  for  purchase  (Burck 
1923;  Wanner  1931a).  Furnish  &  Glenister  (in 
Saunders  1971)  noted  that  the  Somohole  fauna,  in 
the  low-lying  area  of  northern  Timor,  occurs  in  a 
distinctive,  fairly  dark  weathering  luff,  and  lacks 
the  admixing  common  in  high  relief  areas  to 
the  south.  Furthermore  they  commented  (op.  cit. 
p.  102)  ‘One  of  the  problems  inherent  in  use  of 
Timor  collections  is  the  lack  of  a  stratigraphic 
sequence.  That  is  most  of  the  fossils  have  been 
found  loose  on  the  weathered  surface  in  areas  of 
high  relief,  where  structural  complexity  makes  an 
exact  source  uncertain  and  obvious  mixing  has 
taken  place.’  Specimens  continue  to  be  indis¬ 
criminately  collected  by  local  residents,  for  sale 
in  Timor  (B.  Macurda,  pers.  comm.),  and  are 
available  from  commercial  dealers  in  Europe  and 
North  America. 

References  to  different  lithologic  types  from  the 
same  or  different  localities  in  Timor  are  made  in 
discussions  of  specific  types  of  fossils.  It  is  often 
emphasised  that  only  one  type  of  fosssil  is  found 
in  certain  limestones.  For  example,  Gerth  (1921) 
described  different  matrix  colors  and  lithologies 
associated  with  species  of  corals  from  the  same 
and  different  localities  in  Timor.  As  discussed  above 
J.  Wanner  (1924a,  1924b)  reported  crinoids  from 
three  lithologies  in  the  Basleo  region.  Fusulinid- 
rich  limestones  or  coquinas  are  mentioned  by 
Schubert  (1915),  Burck  (1923)  and  Brouwer  (1942) 
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and  shown  in  illustrations  by  Thompson  (1949: 
pi.  34,  fig.  1;  pi.  35,  fig.  7).  Ammonoid  specific 
beds  or  horizons  at  Somohole,  Bitauni,  Basleo  and 
Amarassi  are  listed  by  Burck  (1923),  J.  Wanner 
(1931a),  among  others.  J.  Wanner  (1931a:  542) 
referred  to  banks  dominated  by  corals,  blastoids, 
ammonites  or  brachiopods  and  the  prevalence  of 
certain  species  at  certain  localities  in  the  Basleo 
area.  Furthermore  (p.  543),  he  considered  these  to 
be  of  the  same  age  value  for  local  classification 
but  insignificant  for  interregional  stratigraphy. 
These  references  to  different  matrix  colors,  multiple 
lithologies  and  fossil  specific  lithologies  indicate 
that  a  stratigraphy,  with  facies  control  of  most 
fossils,  is  developed  throughout  the  Permian  of 
Timor.  The  echinoderms  and  atnmonoids  are 
normally  not  found  in  the  same  stratigraphic  layer, 
although  Hanicl  (1915)  mentioned  sporadic  crinoid 
cups  in  ammonoid  limestone  from  Bitauni. 

Unquestionably,  there  is  a  definite  lack  of 
stratigraphic  and  structural  control  for  large  parts 
of  the  fossil  collections.  However,  Burck  (1923) 
gave  general  stratigraphic  information  for  several 
localities  that  were  located  on  drainage  maps  of 
local  areas  in  West  Timor.  These  included  each 
of  the  major  areas  from  which  crinoids  and 
ammonoids  are  known. 

There  is  no  known  stratigraphic  section  at 
Somohole  (Burck,  1923).  In  the  Socfa  region,  north 
of  Somohole  (equal  to  the  Bitauni  section),  Burck 
(1923)  reported  three  Permian  levels  below  the 
Triassic: 

Triassic  limestone 

Productus  level  (in  red-weathering  limestone) 

Bryozoan  level  (in  yellow-weathering  ferruginous 
limestone  with  brachiopoids,  corals,  crinoids 
and,  rarely,  trilobites) 

Ammonoid  level  (in  limestone). 

At  Bitauni  the  stratigraphic  sequence  is  over¬ 
turned  (Burck  1923),  but  the  three  Permian  units 
recognised  are: 

Triassic  limestone 

Marl,  yellow  brown  with  abundant  brachiopods 

Limestone,  pink,  white  stippled,  bryozoan  rich 
with  crinoids,  brachiopods  and  few  small 
ammonoids 

Marl,  grey-green,  weathers  brown-red,  tufface- 
ous,  rich  ammonoids. 

This  section  is  basically  the  same  as  at  Soefa, 
except  ammonoids  arc  known  in  the  pink  limestone 
with  the  crinoids.  Differences  in  the  limestones 
between  the  two  areas  arc  attributed  to  microfacics. 

In  the  Niki  Niki-Baslco  region  Burck  (1923) 
recognised  numerous  localities  with  most  listed  as 


diabase  tuff  with  fossils  and  noted  the  best  localities 
were  weathered  soils  with  lag  fossil  concentrates. 
Furthermore,  at  Netoc  Kot  he  showed  {op.  cit. 
fig.  9)  yellow-brown  limestone  with  two  or  more 
horizons  specific  to  ammonoids  or  lamellibranchs 
in  each  of  three  exposed  blocks. 

At  Fatoe  Kocat  in  the  Amarassi  region  Burck 
(1923)  recognised  seven  units: 

Crinoidal  limestone  with  good  brachiopods 

Brachiopod  and  bryozoan  limestone  with  a  few 
compressed  cups  of  crinoids 

Crinoidal  limestone 

Lamellibranch  limestone 

Ammonoid  limestone 

Diabase  and  tuff 

Crinoidal  limestone  with  a  few  loose  pieces  with 
ammonoids. 

It  is  clear  from  the  summary  descriptions  given 
by  Burck  (1923)  that  a  stratigraphic  sequence  is 
developed  in  each  of  the  major  fossil  rich  regions. 
The  Basleo  region  is  the  least  understood,  yet  yields 
the  most  fossils. 

Of  special  significance  for  understanding  the 
crinoid  distribution  and  stratigraphy  of  Timor  is 
Burck’s  (1923)  report  of  the  repeated  occurrences 
of  ‘trocheitenkalk’,  or  as  translated,  crinoidal  lime¬ 
stone,  and  other  fossil  specific  lithologies  which 
yield  only  ammonoids  or  bivalves  with  no  crinoidal 
material.  Typically  it  is  not  stated  whether  the 
crinoidal  limestones  yielded  cups  and  crowns  or 
only  stem  segments  and  disarticulated  ossicles. 

Brouwer  (1942)  named  four  stratigraphic  scries, 
each  containing  Permian  rocks.  Five  stratigraphic 
levels,  based  on  ammonoids,  within  the  Sonnebait 
Series  arc  the  informal  Somohole,  Bitauni,  Tae  Wei, 
Basleo  and  Amarassi  beds.  An  informal  Lidak  zone 
was  designated  as  equivalent  to  the  lowest  part  of 
the  Bitauni  beds. 

In  early  descriptions  of  the  invertebrate  fossils, 
except  for  mention  of  fusulinid  limestone,  ammon¬ 
oid  coquina,  etc.,  limited  stratigraphic  details  were 
provided  at  best.  As  crinoids,  blastoids,  ammonoids, 
brachiopods  and  other  fossils  have  been  reported 
from  the  same  locality,  an  age  determined  for  the 
ammonoids,  has  typically  been  applied  to  all  fossils 
from  that  locality.  The  conflicting  age  inter¬ 
pretations,  based  on  different  fossil  groups,  by  early 
workers  and  stratigraphic  information  provided  by 
Burck  (1923)  were  unrecognised  or  disregarded  in 
later  evaluations  of  the  faunas  and  few  attempts 
(Archbold  &  Barkham  1989;  Archbold  &  Bird 
1989)  have  been  made  to  establish  a  biostratigrahic 
framework  for  the  Permian  of  Timor  except  the 
ammonoid  zonation. 

With  modem  tectonic  studies  of  Timor  and 
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the  surrounding  region  (Grady  &  Berry  1977; 
Berry  &  Grady  1981;  Audley-Charles  1965,  1968; 
Charlton  et  al.  1991;  among  others)  sediment- 
ological  and  stratigraphic  details  are  being  given 
proper  perspective.  Audley-Charles  (1965,  1968) 
designated  the  Maubisse  Formation,  noting  that  it 
included  the  highly  fossiliferous  Permian  strata 
assigned  to  the  Sonnebait  Series.  Mapping  of  local 
areas  in  Timor  has  identified  stratigraphic  units 
within  the  Maubisse  Formation  (Archbold  & 
Barkham  1989;  Archbold  &  Bird  1989).  Until  the 
stratigraphy  of  each  of  the  Timorese  localities  is 
known,  the  biostratigraphy  may  have  to  be  resolved 
by  correlations  outside  Timor. 


FAUNAL  DISTRIBUTIONS 
AND  COMPARISONS 

Of  known  Permian  crinoids  worldwide  Timor 
has  the  largest  number  of  genera  (97)  and  species 
(237).  The  faunas  contain  12  genera,  34  species 
and  three  subspecies  of  camerates;  71  genera, 
1 62  species  and  24  subspecies  of  cladids;  1 1  genera, 
36  species  and  12  subspecies  of  flexible  crinoids 
and  three  genera  and  five  species  of  indeterminate 
crinoids  (Bassler  &  Moodey  1943;  Webster,  unpub. 
compil.).  In  addition,  16  genera  of  blastoids  are 
known  from  Timor  (Moore  1967;  Breimer  & 
Macurda  1972;  Waters  1990).  Nearly  two-lhirds 
(63  of  97)  of  the  crinoid  genera  and  1 1  of 
16  blastoid  genera  are  unknown  outside  Timor. 
Although  a  modem  study  of  the  10  species  of 
Timorechinus ,  18  species  of  Calycocrimis,  eight 
species  of  Actinocrinites,  multiple  designated 
species  of  several  other  genera,  and  all  of  the 
subspecies  would  probably  result  in  a  reduction  of 
the  total  number  of  species  and  subspecies,  there 
is  no  question  that  the  Timor  echinoderm  fauna  is 
highly  diverse.  The  potcriocrinoids  are  most  diverse 
and  the  flcxibles  attain  their  third  and  final  diversity 
high  in  the  Permian  of  Timor.  Blastoids  attain  their 
second  greatest  diversity  in  Timor  (Breimer  & 
Macurda  1972;  Waters  1990). 

Early  descriptions  of  the  Timor  crinoids  and 
blastoids  suggest  at  least  seven  to  10  echinoderm 
horizons.  In  ascending  order,  these  are  Somoholc, 
Bitauni,  Tae  Wai,  three  at  Basleo  and  one  to  four 
at  Amarassi.  Each  of  these  localities  has  yielded 
abundant  ammonoids  and  been  collected  by  more 
than  one  expedition  in  the  first  half  of  the  Twentieth 
Century.  Four  other  localities  have  yielded  signi¬ 
ficant  crinoid  specimens  of  more  than  five  species. 
There  are  other  horizons  or  facies  of  the  same  or 
different  ages  among  the  numerous  localities  in 


Timor  from  which  only  one  to  four  crinoid  and 
or  blastoid  species  are  reported.  Many  localities 
are  inadequately  known  and  most  may  be  in¬ 
sufficiently  collected.  Each  of  the  major  localities 
is  discussed  separately. 

Somohole 

The  Somohole  (Appendix,  loc.  49)  fauna  has  50% 
blastoid  genera  compared  to  the  other  major  echino¬ 
derm  faunas  of  Timor,  none  of  which  has  more 
than  40%  and  most  range  between  11  and  20%. 
The  Somohole  echinoderm  fauna  contains  only 
one  species,  Mollocrinus  poculum,  known  from  the 
Basleo  fauna,  as  all  other  species  are  restricted  to 
the  locality.  Four  genera  ( Coenocystis ,  Neolageni- 
ocrinus  [=Lageniocrinus],  Sphaeroschisma  and 
Calycoblastus)  are  restricted  in  the  Permian  to 
Somohole,  whereas  five  genera  (Neoplatycriniis, 
Eulelecrinus ,  Anthoblastiis,  Nannoblastus  and 
Deltoblastus)  are  known  from  the  Basleo  fauna. 
Eulelecrinus  and  Deltoblastus  are  also  known  from 
the  Amarassi  faunas.  The  fauna  contains  only  one 
genus,  Neoplatycrinus,  in  common  with  the  late 
Sakmarian-early  Artinskian  Callytharra  Limestone 
of  Western  Australia  and  N.  somoholensis  is  closely 
related  to  N.  callytharraensis  (Webster  &  Jell  1992) 
suggesting  similar  age. 

Deltoblastus  is  the  most  common  blastoid  and 
one  of  the  most  common  echinoderms  in  Timor. 
Waters  (1990)  reported  that  it  is  known  from  tens 
of  thousands  of  specimens.  Deltoblastus  is  known 
from  most  localities  in  the  Basleo  and  Amarassi 
districts  as  well  as  from  a  few  other  localities  in 
other  districts.  No  modern  analysis  of  the  genus 
has  been  done  and  there  are  probably  several 
synonyms  in  the  13  species  and  six  subspecies 
described  by  Bather  (1908),  Warmer  (1910,  1924) 
and  Jansen  (1934).  Deltoblastus  was  reported  from 
India  (Gupta  &  Webster  1976)  but  that  report 
is  now  considered  to  be  one  of  Gupta’s  many 
fabrications  (Webster  1991).  An  unreported  late 
Sakmarian-early  Artinskian  Deltoblastus  specimen 
is  known  from  Oman  and  Waters  (1990)  reported 
a  questionable  Wordian  Deltoblastus  from  Sicily. 
An  Asselian-Sakmarian  age  was  assigned  to 
Sphaeroschisma  and  Nannoblastus  by  Breimer  & 
Macurda  (1972)  and  Macurda  (1983),  accepting  the 
ammonoid  age  previously  assigned  to  the  Somoholo 
fauna. 

Coenocystis  is  a  Late  Carboniferous  holdover 
and  Neolageniocrinus  (=Lageniocrinus)  is  an  Early 
Carboniferous  holdover,  both  from  North  America. 
Eutelecrinids  closely  related  to  Eulelecrinus  occur 
in  the  Wordian  Sosio  Limestone  of  Sicily  (Arendt 
1978).  Except  for  Coenocystis  and  Neolageni- 
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ocrinus  all  Somohole  echinoderm  genera  are 
indigenous  or  known  from  localities  considered 
younger  than  the  ammonoid  fauna. 

No  stratigraphy  relating  the  cchinoderms  and 
ammonoids  is  known  at  Somohole.  The  Somohole 
ammonoids  are  considered  late  Asselian-early 
Sakmarian,  most  likely  the  latter  (Glenister  & 
Furnish  1987).  The  echinoderms  suggest  a  late 
Sakmarian  or  early  Artinskian  age  or  younger 
when  compared  to  other  Permian  faunas  as  noted 
above. 

B  item  n  i 

According  to  Haniel  (1915)  and  Burck  (1923) 
two  crinoid  and  ammonoid  bearing  horizons  are 
present  at  Bitauni.  The  lower  ammonoid  rich 
beds  Artinskian  (Wanner  1931;  Gerth  1950;  among 
others)  and  the  overlying  beds  are  now  also  dated 
Artinskian,  based  on  conodonts  (Boogaard  1987). 
It  is  unknown  if  the  ammonoids  and  crinoids  arc 
described  from  both  beds  or  the  ammonoids  from 
the  underlying  ammonoid  rich  beds  and  the  crinoids 
from  the  overlying  more  crinoida!  rich  beds.  In 
cither  case,  an  Artinskian  age  is  accepted  for  the 
crinoids  from  Bitauni. 

The  three  Bitauni  crinoids  identified  are  all 
known  from  the  general  Basleo  faunas,  suggesting 
that  some  of  the  Basleo  faunas  may  be  of 
Artinskian  age. 

Soefa 

The  Soefa  fauna  (Appendix,  loc.  50)  has  a  single 
crinoid,  Embryocrinus  hanieli ,  in  a  grey  marl.  This 
taxon  is  widespread  in  the  Basleo  fauna.  The 
ammonoids  from  Soefa  arc  considered  equal  to  the 
Bitaui  fauna  and  the  stratigraphic  section  from 
Soefa  reported  by  Burck  (1923)  is  essentially  the 
same  as  for  Bitauni,  except  no  ammonoids  arc 
known  from  the  crinoidal  horizon  in  the  bryozoan 
rich  limestone  above  the  ammonoid  limestone. 

Nefotassi 

Ammonoids  from  Nefotassi  were  considered  equiv¬ 
alent  to  the  Bitauni  ammonoid  faunas  and  of 
Artinskian  age  (Glenister  &  Furnish  1987;  among 
others).  There  is  no  stratigraphic  section  known  for 
the  locality.  It  is  unknown  if  the  crinoids  are  from 
the  same  horizon  as  the  ammonoids,  above  the 
ammonoids,  or  both  in  the  same  horizon  and  above 
the  ammonoids  as  at  Bitauni.  The  Nefotassi  fauna 
contains  three  crinoid  species  restricted  to  the 
locality  (Appendix,  No.  53).  Two  other  unidentified 
forms  may  also  be  restricted  to  the  locality. 


Parabusacrimis  nefotassiensis  is  also  known  from 
the  Callytharra  Formation,  Western  Australia,  and 
all  genera,  as  well  as  Monobrachiocrinus  granu- 
latus,  are  known  from  the  Basleo  fauna. 

Calceolispongia  digitata  and  C.  spinosus  from 
Callytharra  Springs,  Western  Australia,  are  smaller 
and  more  ornate  than  the  Nefotassi  species, 
C.  mammeatus.  This  may  represent  geographic 
differences.  However,  late  Artinskian  species  of 
Calceolispongia,  from  the  Wandagce  Formation, 
Western  Australia  (Tcichert  1949),  show  progressive 
enlargement  of  the  crown  with  extensive  protrusion 
of  the  basals  (much  larger  than  developed  on 
C.  mammeatus).  A  slightly  younger  age,  middle 
Artinskian,  for  the  Nefotassi  fauna  is  suggested  by 
C.  mammeatus.  A  middle  Artinskian  age,  supported 
by  P.  nefotassiensis  in  the  Callytharra  fauna,  is 
tentatively  assigned  to  the  fauna,  until  stratigraphic 
details  of  the  locality  arc  known.  The  endemic 
species  suggest  a  slightly  different  age  or  environ¬ 
ment  for  the  Nefotassi  and  Bitauni  faunas. 

Tae  Wei 

The  Tae  Wei  ammonoids  were  considered  equiv¬ 
alent  to  the  Sosio,  Sicily  fauna  (Gerth  1950)  and 
placed  between  the  Bitauni  and  Basleo  faunas. 
Other  interpretations  of  the  ammonoids  have  placed 
the  fauna  equivalent  to  or  in  the  lower  part  of  the 
Basleo  fauna  (Haniel  1915;  Wanner  1931;  Glenister 
&  Furnish  1987).  The  stratigraphy  of  Tae  Wei  is 
unknown  (Burck  1923). 

Tae  Wei  (Appendix,  loc.  89)  contains  one  genus, 
Parasycocrinus,  and  four  species,  restricted  to  the 
locality.  Four  genera,  two  crinoids,  Calycocrinus 
and  Ttmorocidaris,  and  two  blastoids,  Timoroblastus 
and  Pterotoblastus,  are  known  from  the  Basleo 
fauna.  Three  genera  are  known  from  Artinskian 
deposits  outside  of  Timor.  These  are  Calycocrinus 
from  Krasnoufimsk.  Timoroblastus  from  Oman 
(unreported),  and  Pterotoblastus  from  Thailand. 
Calycocrinus  labiatus  is  in  the  Basleo  fauna.  By 
correlation  of  the  crinoids  with  faunas  from  else¬ 
where  a  late  Artinskian  age  could  be  assigned  to 
them. 

Dorf  Sebot 

Dorf  Sebot  (Appendix,  loc.  41)  contains  10  species 
and  one  subspecies  of  crinoids  and  three  species 
of  blastoids,  all  known  from  the  general  Basleo 
fauna.  Several  taxa  are  known  from  Artinskian 
deposits  outside  Timor.  Synbathocrinus  campanu¬ 
las  elongatus  (=S.  campanulas)  is  known  from 
the  Callytharra  fauna.  Timoroblastus  comutus  is 
unreported,  but  known  from  late  Sakmarian  or  early 
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Total  No. 
genera  (world) 

Percentage  of 
world  total 

No.  genera 
known  in  Timor 

%  Timor  genera 
in  Timor  total 

%  Timor  genera 
in  world  total 

Camerates 

17 

9.88 

12 

12.37 

70.58 

Inadunates 

136 

79.07 

71 

73.29 

52.20 

Flexible 

16 

9.30 

11 

11.33 

68.75 

Indet. 

3 

1.74 

3 

3.09 

1.74 

Totals 

172 

100 

97 

100 

56.35 

Blastoids 

18 

100 

16 

100 

88.88 

Table  l.  Comparison  of  Timor  Permian  crinoids  and  blastoids  to  world  totals.  Numbers  do  not  include  taxa  based 
on  columnals.  Crinoid  subdivisions  follow  useage  of  Moore  &  Teichert  (1978). 


Locality  Total  Common 

described  to  Timor 

Genera  Species  Genera  Species 


Timor 

97 

237 

97 

237 

Early  Permian 

Tethys 

1.  Callytharra 

42 

51 

11 

9 

2.  Krasnouftmsk 

24 

26 

16 

— 

3.  Wandagee 

10 

24 

4 

1 

4.  Crinoidal  Zone 

4 

11 

2 

— 

5.  Wandrawandian 

5 

10 

2 

_ 

6.  Timan 

6 

7 

4 

_ 

Non-Tethys 

7.  Bird  Spring 

34 

43 

7 

— 

8.  Cibolo 

9 

11 

4 

— 

9.  Copacabana 

8 

9 

2 

— 

Late  Permian 

All  Tethys 

10.  Djebel  Tebaga 

11 

11 

3 

— 

1 1 .  Sosio 

10 

10 

5 

— 

12.  Berry 

4 

9 

1 

— 

Table  2.  Summary  list  of  Permian  crinoid  faunas  giving 
total  number  of  genera  and  species  described  from  each 
and  number  of  genera  and  species  common  to  the  Basleo 
Fauna.  See  Appendix  for  lists  of  identified  genera  and 
species  and  references  for  each  locality;  Timor  lists  in 
Section  I,  all  others  in  Section  2. 


Artinskian  deposits  of  Oman  as  is  Dclioblastus. 
Graphiocrinus  is  known  from  Artinskian,  or  equiv¬ 
alent,  deposits  in  Krasnouftmsk,  Tinian  and  the 
United  States.  Monobrachiocrinus  is  also  known 
from  Krasnouftmsk.  Graphiocrinus  and  Mono¬ 
brachiocrinus  arc  known  from  the  Wordian  Sosio 
Limestone,  Sicily,  and  Embryocrinus  occurs  in 
the  late  Wordian  Djebel  Tebaga  fauna  of  Tunisia. 
Overall  the  fauna  is  most  closely  related  to 
Artinskian  faunas  worldwide.  However,  strati¬ 
graphic  details  of  the  locality  are  unknown  and  it 
is  uncertain  if  more  than  one  fauna  occurs.  A  late 
Artinskian  to  early  Wordian  age  is  tentatively 
assigned. 


Basleo 

Numreous  echinodcrm  (Appendix,  Iocs  1-14,  58- 
88)  and  ammonoid  faunas  occur  in  the  vicinity 
of  Basleo  but  there  is  no  stratigraphy  available 
for  the  region.  A  Wordian  age  has  generally  been 
applied  to  the  Basleo  faunas  based  on  the 
ammonoids.  The  Late  Permian  age  of  the  Timor 
crinoid  faunas  was  questioned  by  Webster  (1987, 
1990)  and  Webster  &  Jell  (1992,  1993).  These 
authors  suggested  that  the  Timor  faunas  may  be 
mostly  Early  Permian  based  on  correlation  with 
Western  Australian  crinoids,  including  some  con- 
specific  forms. 

Worldwide,  nearly  60  papers  have  described 
Permian  crinoid  cups  and  crowns,  most  reporting 
one  to  three  species  from  one  or  more  localities 
(Webster,  unpub.  compil.).  Early  Permian  crinoids 
have  been  reported  from  a  number  of  localities 
(Weller  1909;  among  others),  whereas  Late  Permian 
crinoids  have  been  reported  from  only  a  few  (Lane 
1979;  among  others). 

Many  of  the  Early  Permian  faunas  are  of  low 
diversity  or  represent  the  preservation  of  a  solitary 
specimen.  Nine  faunas  with  seven  or  more  species 
are  used  for  comparison  with  the  Timor  fauna 
(Table  1).  Within  these  faunas  specimens  are  com¬ 
mon  to  abundant  and  preservation  is  good  to 
excellent.  The  Early  Permian  age  of  each  of  these 
faunas  is  documented  by  associated  fusulinids  or 
ammonoids  in  the  same  bed  or  more  commonly 
from  the  stratigraphic  sequence  containing  the 
crinoids.  The  number  of  genera  and  species  from 
these  nine  faunas,  common  with  Timor,  arc  listed 
in  Table  2. 

The  two  Early  Permian  faunas  that  correlate  most 
closely  with  the  Basleo  faunas  are  those  from 
the  Callytharra  Limestone,  Western  Australia,  and 
Krasnouftmsk,  Ural  Mountains,  Russia  (Table  2). 
At  the  species  level  the  Callytharra  Limestone  is 
most  similar  to  the  Basleo  fauna  with  9  species 
and  1 1  genera  of  crinoids  and  one  species 
and  three  genera  of  blastoids  in  common.  The 
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Krasnoufimsk  fauna  has  16  genera  of  crinoids  and 
one  genus  of  blastoids  in  common.  The  crinoid 
genera  common  to  Basleo  and  Callytharra  include 
six  long-ranging  taxa,  four  of  which  ( Actinocrinites , 
Cydonocrinus,  Utccrinus  and  Camptocrinus)  are 
considered  Mississippi  holdovers  in  the  south¬ 
eastern  Tethys  (Webster  &  Jell  1992).  Species  of 
the  other  two  genera,  Platycrinites  and  Synbath- 
ocrinus,  have  been  reported  from  Pennsylvanian 
(Strimple  et  al.  1971;  Bowsher  &  Strimple  1986) 
or  Permian  (Moore  1939;  Webster  &  Lane  1967) 
strata  in  North  America.  Calceolispongia,  Para- 
bursacrinus,  Tapinocrinus  and  Timorechinus  are 
restricted  to  Tethys  with  the  latter  three  genera 
known  only  from  Timor  and  Western  Australia. 
Calceolispongia  ranges  from  the  late  Sakmarian- 
early  Artinskian  Callytharra  Formation  of  Western 
Australia  (Teichcrt  1949)  to  the  Roadian  Crocker 
Formation  of  Queensland  (Willink  1979b)  and  is 
also  reported  from  Artinskian  deposits  of  India 
(Reed  1928;  Teichcrt  1949).  Apographiocrinus  is 
also  described  from  Pennsylvanian  and  Permian 
strata  in  North  America  (Moore  &  Plummer  1940; 
among  others),  late  Carboniferous,  Westphalian, 
strata  of  Morocco  (Termier  &  Termier  1950),  and 
late  Sakmarian  to  early  Artinskian  strata  of  Thailand 
(Webster  &  Jell  1993). 

Eleven  of  the  1  6  genera  common  to  Basleo  and 
Krasnoufimsk  are  restricted  to  the  Tethys  in  the 
Permian  (Table  2).  'Hie  other  five  are  all  known 
from  North  America  and  two  of  these,  Delocrinus 
and  Cibolocrinus ,  arc  also  known  from  South 
America  (Burk  &  Pabian  1978;  Strimple  &  Pareyn 
1982).  The  Krasnoufimsk  and  Callytharra  Lime¬ 
stone  faunas  have  only  one  genus  in  common. 
Neocamp  tocrinus—Camptoc  rin  usj  although  it  is 
very  likely  that  they  also  have  Platycrinites  or 
Neoplatycrinites  in  common,  as  both  arc  known 
to  have  columnals  of  the  Platyplateium  type 
(Yakovlev,  in  Yakovlev  &  Invanov  1956;  Webster 
&  Jell  1992).  As  might  be  expected  the  Laurcntian 
realm  faunas  have  fewer  genera  in  common 
with  Timor,  whereas  some  Tethys  realm  faunas 
(Callytharra  Formation  and  Krasnoufimsk,  Russia) 
show  significant  numbers  of  related  genera  and 
two  faunas  (Callytharra  and  Wandagec  Formations) 
contain  one  or  more  taxa  conspccific  with  Basleo 
taxa.  Thus,  comparison  of  the  nine  Early  Permian 
faunas  with  the  Basleo  fauna  suggest  that  some  of 
the  Basleo  fauna  is  of  Artinskian  age. 

Late  Permian  crinoid  faunas  documented  with 
associated  fusulinids  or  ammonoids  arc  few.  Most 
faunas  are  of  low>  diversity  and  abundance.  Except 
for  the  previously  considered  Basleo  fauna,  no  Late 
Permian  fauna  is  as  diverse  as  the  Early  Permian 
Callytharra  or  Krasnoufimsk  faunas. 


Three  Late  Permian  faunas,  each  with  nine  or 
more  species,  were  compared  to  the  Timor  faunas 
(Table  2).  The  eight  genera  known  from  Basleo 
and  one  or  more  of  the  other  three  faunas  are:  the 
camerate  Neocamptocrinus  (= Camptocrinus );  the 
six  inadunates  Basleocrinus,  Embryocrinus,  Graphi- 
ocrinus,  Monobrachiocrinus ,  Stachyocrinus  and 
Stuartwellercrinus ;  and  the  flexible  Cibolocrinus. 
Of  these,  Graphiocrinus ,  Stuartwellercrinus  and 
Cibolocrinus  are  also  known  from  the  Laurcntian 
realm;  all  others  are  restricted  to  the  Tethys  realm. 
Only  Neocamptocrinus  is  known  from  the  Late 
Permian,  Wuchiapingian,  all  others  are  known  only 
from  Wordian  or  older  strata.  All  of  these  taxa 
support  a  Wordian  age  for  some  Basleo  faunas. 

Permian  crinoids  and  blastoids  follow  Van 
Valen’s  law,  that  is,  most  genera  are  short  lived 
and  a  decreasing  number  extend  through  a  longer 
time  span,  i.e.  60  of  the  97  genera  known  lrom 
Timor  are  restricted  to  the  Basleo  fauna.  These 
60  restricted  genera  and  three  other  genera  of 
uncertain  affinities  are  currently  of  little  value  for 
dating  or  correlation  of  the  Basleo  faunas. 

Of  the  34  crinoid  genera  reported  from,  but 
not  restricted  to  Timor  nine  genera  are  reported 
from  the  Laurcntian  and  Tethys  realms.  The  other 
25  genera  arc  restricted  to  the  Tethys.  'Hie  nine 
unrestricted  genera  are:  the  camerate  Platycrinites ; 
the  seven  inadunates  Apographiocrinus,  Coeno- 
cystis,  Delocrinus,  Graphiocrinus,  Litocrinus,  Neo- 
zeacrinus  and  Stuartwellercrinus',  and  the  flexible 
Cibolocrinus.  It  is  possible  that  the  camerate 
Neoplatycrinus  also  belongs  to  this  small  group 
as  the  columnals  referred  to  as  Platyplateium,  are 
known  in  both  realms,  but  typically  found  without 
the  calyx. 

Basleo  genera  extending  into  older  strata 
with  known  representatives  are:  (1)  Calycocrinus, 
Synbathocrinus  and  Litocrinus,  from  the  Upper 
Carboniferous;  (2)  Actinocrinites,  Pleurocrinus, 
Platycrinites,  Synbathocrinus,  Litocrinus  and 
Cydonocrinus  into  the  Early  Carboniferous;  and 
(3)  Synbathocrinus  into  the  Devonian.  At  the 
generic  level  these  taxa  are  of  little  use  for  dating 
the  age  of  the  Basleo  faunas.  However,  species 
of  Synbathocrinus  and  Cydonocrinus  known  from 
both  the  Basleo  beds  and  the  Callytharra  Formation 
(late  Sakmarian-early  Artinskian)  suggest  a  closely 
coeval  age  for  these  faunas.  Thus,  comparison  of 
the  Basleo  crinoid  faunas  with  known  faunas  within 
the  Tethys  and  Laurcntian  realms  suggests  that 
some  of  the  Basleo  faunas  arc  of  Artinskian  age. 

Geographic  distribution  and  age  of  Permian 
blastoids  were  discussed  by  Breimcr  &  Macurda 
(1972)  and  Waters  (1990).  Waters  (1990:  339) 
stated  ‘The  typical  blastoid  genus  is  monospecific. 
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relatively  short  lived  (range  limited  to  some  part 
of  a  single  stage),  relatively  rare  in  terms  of 
abundance,  and  geographically  restricted  to  one 
depositional  basin.  Many  are  predominantly  known 
from  a  single  locality.’  Thus,  they  should  be  of 
excellent  correlation  value  on  a  regional  basis. 

Breimer  &  Macurda  (1972)  recognised  three 
faunas  in  Timor,  two  Early  Permian  faunas  (a 
Sakmarian  fauna  from  Somohole  and  an  Artinskian 
fauna  from  Tae  Wei)  and  one  early  Late  Permian, 
Wordian,  fauna  (Basleo).  However,  on  the  strati¬ 
graphic  distribution  chart  (Breimer  &  Macurda 
1972:  fig.  100)  they  show  the  Basleo  fauna  as  late 
Guadalupian  which  would  be  Capitanian  instead  of 
Wordian  in  the  North  American  Permian  stage 
terminology.  Waters  (1990)  placed  the  Basleo  fauna 
in  the  Kazanian  without  giving  reasons  but  noted 
that  the  stratigraphic  relations  were  poorly  known. 

Australian  and  Russian  Permian  blastoids  are 
all  considered  late  Sakmarian  and  early  Artinskian 
(Breimer  &  Macurda  1972).  Except  for  Austro- 
blastus  in  eastern  Australia  and  Tympanoblastus  in 
Russia,  all  genera  known  from  these  two  areas  are 
common  to  the  Basleo  Beds,  suggesting  a  similar 
age.  The  occurrence  of  Neoschisma  verrucosum, 
N.  extensum,  Notoblastus  stellaris,  Rhopciloblastus 
crepidus,  Thauinatoblastus  longiramous  and  T.  spp. 
from  Artinskian  deposits  of  the  Callytharra  Lime¬ 
stone,  Bulgadoo  Shale,  or  Noonkanbah  Formation 
of  Western  Australia  and  the  Basleo  beds  suggests 
an  Artinskian  age  for  the  Basleo  deposits  and 
supports  the  modem  concepts  of  Timor  being  a 
part  of  the  Australian  block  in  Permian  time. 

The  unreported  occurrence  of  Deltoblastus  and 
Timoroblastus  coronatus  from  Artinskian  strata  in 
Oman  provides  additional  support  for  an  Artinskian 
age  of  the  Basleo  faunas.  Oman  would  have  been 
within  the  southern  part  of  the  Tethys,  to  the  west 
of  Timor  and  Western  Australia  during  Permian 
time. 

Angioblastus  in  Early  Permian  deposits  from 
Bolivia,  Australia,  Russia  and  Timor,  could  support 
an  Artinskian  age  for  the  Basleo  fauna.  Angio¬ 
blastus  is  a  longer  ranging  genus,  first  occurring 
in  the  Middle  Pennsylvanian  of  North  America. 
However,  the  widespread  Permian  occurrence  of 
this  genus,  known  only  in  the  Early  Permian  outside 
of  Timor,  suggests  a  probable  correlation. 

Breimer  &  Macurda  (1972)  and  Macurda  (1983) 
reported  a  specimen  of  Pterotoblastus  gracilis 
from  Ko  Muk,  Thailand.  This  specimen  is  from  a 
locality  of  the  Rat  Buri  Limestone  which  has 
yielded  brachiopods  (Grant  1976)  and  crinoids 
(Webster  &  Jell  1993)  considered  to  be  Artinskian. 
The  occurrence  of  P.  gracilis  at  Ko  Muk  and 
Basleo  could  support  a  coeval  age  for  the  two 
localities. 


Amarassi 

As  noted  above  the  stratigraphic  section  of 
Amarassi  has  seven  stratigraphic  units,  four  of 
which  are  crinoidal  (Burck  1923).  Wanner  (1924a, 
1924b)  reported  24  crinoid  or  blastoid  localities 
in  the  Amarassi  District  (Appendix,  Iocs  16-39). 
Except  for  the  main  locality  at  Koewafcoe  no  more 
than  four  species  are  reported  from  any  of  the 
other  23  localities.  Only  six  of  the  23  localities 
contained  four  species  not  known  in  the  Basleo 
faunas,  this  includes  Palaeoholopus  (Appendix, 
loc.  20).  The  detailed  structure  and  stratigraphy  of' 
these  important  localities  are  unknown  and  it  is 
uncertain  whether  these  localities  are  equivalent  to 
the  Amarassi  or  Basleo  faunas.  Many  of  the 
localities  yielded  only  Deltoblastus  and  probably 
need  systematic  collecting  as  noted  by  Wanner 
(1926). 

Five  of  the  crinoid  species  and  one  subspecies 
as  well  as  one  of  the  blastoid  species  found  at 
Koewafeoe  are  not  known  at  Basleo,  whereas  four 
species  and  two  subspecies  of  crinoid  and  two 
species  and  one  subspecies  of  blastoid  are  common 
to  both  localities.  All  of  the  genera  arc  recognised 
in  the  general  Basleo  faunas.  Calycocrinus  is 
also  common  to  Bitauni,  Tae  Wei  and  Basleo. 
Cadocrinus  is  also  known  from  Timan  and 
Bolbocrinus  and  Calycocrinus  occur  at  Kras- 
noufimsk.  Embryocrinus  is  present  at  Djebel  Tebaga 
and  has  species  restricted  to  Amarassi.  Cibolocrinus 
is  one  of  the  most  widespread  forms  known 
from  Amarassi  as  it  is  cosmopolitan  and  occurs 
in  most  Laurentian  and  Tethys  faunas.  However, 
I  question  the  generic  assignment  of  all  species 
of  Cibolocrinus  from  Timor  as  most  may  be 
poteriocrinitids,  not  flexibles. 

The  Amarasssi  ammonoids  have  long  been 
considered  the  youngest  from  Timor  (Hanicl  1915; 
Glenister  &  Furnish  1988).  They  were  dated  as 
‘Amarassian’  by  Glenister  &  Furnish  (1987)  but 
should  be  referred  to  as  Wuchiapingian.  Glenister 
(1981)  noted  the  problems  of  correlating  Dzhulfian 
faunas  because  of  their  isolated  occurrences  and 
general  lack  of  fossil  bearing  strata  of  post 
Guadalupian  time. 

There  is  probably  more  than  one  echinoderm 
fauna  at  Amarassi  because  it  is  likely  that  articu¬ 
lated  echinoderms  occur  below  and  above  the 
ammonoid  bed  in  the  stratigraphic  section  (see 
above).  A  few  unidentified  compressed  crinoid  cups 
were  reported  from  the  third  limestone  above  the 
ammonoids  by  Burck  (1923).  However,  a  check  of 
the  Wanner  publications  describing  and  illustrating 
the  species  endemic  to  Amarassi  do  not  indicate 
any  compressed  specimens.  The  species  restricted 
to  Koewafeoe  could  be  geographic  variants  or 
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younger  forms  from  strata  above  the  ammonoids. 
Crinoids  below  the  ammonoids  are  possibly  of 
Artinskian  to  Roadian  age,  in  part  equivalent  to 
or  slightly  younger  than  the  youngest  Basleo  fauna, 
and  those  above  the  ammonoids  arc  possibly  still 
Wuchiapingian.  These  arc  the  youngest  Permian 
crinoids  known  from  cups. 


Ajer  Mali  near  Koepang 

The  Ajer  Mali  fauna  (Appendix,  loc.  15)  con¬ 
tains  six  species  of  crinoids  and  one  blastoid.  All 
crinoids  except  Calycocrinus  kupangensis  are 
known  in  the  Basleo  fauna.  Only  two  of  the  genera, 
Calycocrinus  and  Deltoblastus,  are  known  from 
the  Amarassi  fauna.  Haniel  (1915)  noted  that 
the  ammonoids  from  Ajer  Mati  occur  in  nodules 
within  the  crinoidal  limestone  and  that  they  are 
correlative  with  the  Amarassi  ammonoid  fauna.  A 
Wuchiapingian  age  is  assigned  to  the  fauna. 


RANGE  CORRECTIONS 

In  the  crinoid  volumes  of  the  Treatise  of 
Invertebrate  Paleontology  (Moore  &  Teichert  1978) 
generic  and  suprageneric  ranges  are  based  on 
literature  up  to  1977.  Editorial  policy  established 
the  practise  of  range  extension  to  the  beginning 
and  end  of  scries  for  uniformity  and  simplicity. 
The  Permian  was  divided  into  Lower  and  Upper 
Series. 

The  extension  of  the  ranges  of  crinoid  genera 
to  the  end  of  the  Permian  as  generalised  in  the 
Treatise  (Moore  &  Teichert  1978)  is  misleading 
in  some  respects.  The  youngest  known  Permian 
crinoids  arc  the  Amarassi  fauna  (Wanner  1924)  and 
the  recently  described  Cherrabun  fauna  of  Western 
Australia  (Webster  &  Jell  1992). 

Misconceptions  of  the  Timor  faunas  led  to 
omission  of  the  Early  Permian  range  of  some 
genera  (i.e.  Eutelecrinus ,  Neoplatycrinus,  among 
others).  Giving  the  range  of  ‘Permian’  for  blastoid 
genera  reported  from  Timor  or  elsewhere  (Moore 
1967)  is  a  misleading  extension  at  both  ends  of 
the  known  range.  If  genera  of  other  phyla  have 
been  treated  as  those  of  the  cchinoderms  then  all 
the  generic  range  information  of  Upper  Permian 
needs  considerable  correction. 

The  utilisation  of  these  misleading  ranges  for 
other  purposes  may  lead  to  gross  misconceptions. 
An  example  is  the  general  acceptance  of  the 
terminal  Permian  extinction  event  (Maxwell  1989). 
The  Treatise  ranges  for  the  crinoids  mislead  the 


reader  into  believing  that  most  Permian  crinoids 
reported  from  any  part  of  the  Upper  Permian 
became  extinct  at  the  end  of  the  Permian.  These 
misleading  ranges  could  then  be  used  in  com¬ 
pilations  of  generic  ranges  such  as  Sepkoski  (1988, 
1989)  and  used  in  calculations  for  periodicity  of 
extinction  events  (Raup  1991),  etc. 

When  the  extinction  of  most  of  the  genera 
of  the  Timor  crinoids  occurred  is  uncertain,  but 
could  have  been  about  the  end  of  the  Artinskian 
or  Wordian  with  few  genera  continuing  into  the 
Wuchiapingian.  Glenister  (1981)  noted  the  extinc¬ 
tion  of  many  goniatites  and  fusulinids  at  the  top 
of  the  Guadalupian  which  could  have  included  the 
crinoids  and  blastoids.  This  may  be  the  major 
extinction  event  of  most  Paleozoic  faunas  rather 
than  the  Permian-Triassic  boundary. 


CONCLUSIONS 

The  lack  of  a  stratigraphic  section  at  some  of  the 
reported  fossil  localities  of  Timor  has  been  known, 
but  not  commonly  acknowledged,  for  many  years. 
Where  stratigraphic  sections  are  known  from  Timor 
it  has  been  shown  that  the  occurrence  of  the 
ammonoids  and  other  invertebrates  are  commonly 
in  different  strata.  Therefore,  the  ages  of  localities 
based  only  on  ammonoids  cannot  be  applied  to 
all  other  invertebrates  from  the  same  locality.  An 
Artinskian  age  is  recognised  for  the  Bitauni  cchino- 
denn  fauna,  based  on  the  co-occurring  condonts. 

Considerable  biostraligraphic  data  suggest  an 
Artinskian  age  for  a  significant  part  of  the  Basleo 
cchinoderm  faunas.  Ignoring  the  long-ranging 
genera  that  tend  to  be  cosmopolitan  and  range  from 
the  Carboniferous,  most  genera  reported  from  Timor 
arc  known  from  only  one  horizon.  A  few,  i.e. 
Deltoblastus,  Calycocrinus  and  Eutelecrinus,  ranged 
throughout  the  Permian  of  Timor.  Several  genera 
occur  in  two  or  three  major  localities,  a  few 
are  numerically  abundant,  i.e.  Timorocidaris, 
Cadocrinus,  Ttmorechinus  and  Deltoblastus,  among 
others. 

Crinoid  and  blastoid  species  common  to  Western 
Australia  and  the  Basleo  area  are  of  the  same  or 
nearly  equivalent  age.  That  age  is  late  Saktnarian 
to  early  Artinskian,  based  on  the  ammonoids  that 
occur  in  the  basal  part  of  the  Callytharra  Formation 
and  higher  in  the  stratigraphic  section  above  the 
Callytharra  Formation.  This  is  supported  by 
Timoroblaslus  coronatus  and  Deltoblastus  in  the 
Basleo  deposits  and  Artinskian  deposits  of  Oman 
and  Pterotoblastus  gracilis  in  the  Rat  Buri  Lime¬ 
stone  of  Thailand  and  the  Basleo  beds.  It  should 
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be  noted  that  none  of  these  mutually  common 
species  are  present  in  the  known  older  or  younger 
deposits  of  Timor  or  elsewhere. 

Additional  support  for  the  Artinskian  age  of 
much  of  the  Basleo  faunas  is  the  mutual  occurrence 
of  genera  in  the  recognised  Artinskian  deposits  of 
eastern  and  Western  Australia,  and  Timan  and 
Krasnoufimsk,  Russia.  The  smaller  number  of 
mutual  generic  occurrences  in  the  Basleo  Beds  and 
middle  Wolfcampian  faunas  of  southern  Nevada 
and  Texas  in  North  America  as  well  as  the 
Copacabana  Formation  of  Bolivia  support  an 
Artinskian  age  for  some  of  the  Basleo  faunas.  The 
few  genera  common  to  the  Basleo  beds  and 
deposits  of  known  Wordian  age  (Djebel  Tcbaga, 
Tunisia;  Sosio,  Sicily;  and  Berry  Formation,  eastern 
Australia)  suggest  part  of  the  Basleo  faunas  are  of 
post  Artinskian  age. 

The  age  of  genera  reported  only  from  the  Basleo 
beds  and  unknown  in  other  Permian  deposits  of 
the  Tethys  or  elsewhere  is  uncertain.  Because  the 
Basleo  collections  are  from  soil  horizons  and 
mixing  occurred  it  is  possible  that  many  specimens 
are  of  the  same  age  as  the  mutually  occurring 
species  and  genera,  while  other  specimens  are 
younger.  Only  proper  collecting  and  establish¬ 
ment  of  a  stratigraphic  section  for  the  Basleo  and 
Amarassi  localities  will  provide  the  answer  to  this. 

Some  parts  of  the  Amarassi  fauna  may  be  of 
equivalent  age  to  the  Basleo  beds  and  older  than 
the  Amarassi  ammonoid  fauna.  None  of  the 
Amarassi  crinoid  genera  are  known  to  occur  in  or 
below  the  ammonoid  bed  except  Neocamptocrinus, 
which  Webster  &  Jell  (1992)  reported  from  the 
Cherrabun  Member,  Hardman  Formation,  Western 
Australia,  occurring  with  Cyclolobus  persulcatus. 
If  any  of  the  Amarassi  crinoids  and  blastoids  occur 
with  the  ammonoid  fauna  then  they  are  of 
equivalent  age  to  the  Cherrabun  fauna.  If  they 
occur  above  the  ammonoids  then  they  are  the 
youngest  known  Permian  crinoids,  based  on  cups 
and  crowns. 
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APPENDIX 

Section  I.  List  of  Timor  echinoderm  localities.  Localities  and  faunal  lists  taken  from  literature.  Different 
spellings  for  the  same  locality  (e.g.  Fatu  =  Fatoe)  arc  from  Dutch  (u)  and  German  (oe)  literature- 
Species  authored  by  Wanner  (1910-1949),  Marez-Oyens  (1940),  Beyrich  (1862),  Rothplex  (1892)  and 
Bather  (1910).  Lithologies  are  given  when  originally  given  for  locality. 


1.  Basleo  vicinity,  boldface  species  known  in 
other  localities,  in  addition  to  Basleo  area. 

Camerates 

Actinocrinites  brevispinus 
Actinocrinites  brouweri 
Actinocrinites  carinatus 
Actinocrinites  dilatatus 
Actinocrinites  exornatus 
Actinocrinites  permicus 
Actinocrinites  spinaetectus 
Actinocrinites  limoricus 
Camptocrinus  indoaustralicus 
Eutelecrinus  piriformis 
Eutelecrinns  poculiformis 
Metaeutelecrinus  fritillus 
Neodichocrinus  nanus 
Neoplatycrinus  dilatatus 
Neoplatycrinus  major 
Paraeutelecrinus  elongatus 
Paraeutelecrinus  erectus 
Paraeutelecrinus  subwelteri 
Paraeutelecrinus  welteri 
Platycrinites  typicus 
Platycrinites  wachsmuthi 
Platycrinites  wachsmuthi  frequentior 
Platycrinites  wrighti 
Pleisocrinus  piriformis 
Pleurocrinus  dcpressus 
Pleurocrinus  goldfussi 
Pleurocrinus  spectabilis 
Stomiocrinus  minimus 
Stomiocrinus  piriformis 
Stomiocrinus  subglobosus 
Wannerocrinus  glans 

Inadunates 

Abrachiocrinus  conicus 
Abrachiocrinus  limoricus 
Acariaiocrinus  angulosus 
Acariaiocrinus  clavulus 
Allosycocrinus?  grandis 
Allosycocrinus?  medius 
Allosycocrinus  pus  ill  us 
A pographiocrinus  quinquelobus 
A  pographiocrinus  rugosus 
Apographiocrinus  verbeeki  pumilus 
Asymmetrocrinus  poteriocrinoides 


Atremacrinus  caly cuius 

Basleocrinus  conicus 

Ilasleocrinus  obliquus 

Basleocrinus  pocillum 

Basleocrinus  pusillus 

Basleocrinus  striategranulatus 

Basleocrinus  turbinatus 

Benthocrinus  cryptobasalis 

Bolbocrinus  curvatus 

Bolbocrinus  liieroglyphicus 

Bolbocrinus  liieroglyphicus  exornatus 

Bolbocrinus  liieroglyphicus  tenuisculptus 

Bolbocrinus  liieroglyphicus  tuberculatus 

Bolbocrinus  irregularis 

Bolbocrinus  pusillus 

Bolbocrinus  turbinatus 

Bolbocrinus  waldthauseniae  basleoensis 

Cadocrinus  variabilis 

Cadocrinus  variabilis  canaliculatus 

Calceolispongia  aculeatus 

Calceolispongia  elegans 

Ceratocrinus  exornatus 

Ceratocrinus  gracilis 

Coenocystis  angulosa 

Coenocystis  perforata 

Contignalocrinus  conlignatus 

Cranocrinus  limoricus 

Cydonocrinus  turbinatus 

Cydonocrinus  turbinatus  minor 

Delocrinus  crassus 

Delocrinus?  malaianus 

Depaocrinus  oltowi 

Entbryocrinus  hanieli 

Graphiocrinus  amplior 

G raphiocrinus  beyrichi 

Graphiocrinusdeclivis 

Graphiocrinus?  depressus 

Graphiocrinus?  cf  depressus 

Graphiocrinus?  cf.  depressus  labiosus 

Graphiocrinus  excavatissimus 

Graphiocrinus?  excavatissimus 

Graphiocrinus?  excavatissimus  ornatus 

Graphiocrinus  ovoides 

Graphiocrinus  pumilus 

Graphiocrinus  punctatus 

Graphiocrinus  scrobiculatus 
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Graphiocrinus  subamplior 
Graphiocrinus  rolundatus 
Graphiocrinus  verbeeki 
Graphiocrinus  verbeeki  vennistriatus 
Hemistreptacron  carinatum 
Hemistreptacron  carinatum  ornatum 
Hypcrinus  schneideri 
Indocrinus  crassus 
Indocrinus  elegans 
Indocrinus  nodosus 
Indocrinus  turgidus 
Isocalillocrinus  indicus 
Lopadiocrinus  angustecavatus 
Lopadiocrinus  brouweri 
Lopadiocrinus  brouweri  vennistriatus 
Lopadiocrinus  granulatus 
Lopadiocrinus  granulatus  labiosus 
Lopadiocrinus  tuberculatus 
Malaiocrinus  crassitesta 
Malaiocrinus  pusillus 
Malaiocrinus  sundaicus 
Metallagecrinus  acutus 
Metallagecrinus  dux 
Metallagecrinus  excavalus 
Metallagecrinus  indoaustralicus 
Metallagecrinus  inflatus 
Metallagecrinus  ornatus 
Metallagecrinus  procerus 
Metallagecrinus  quinquebrachiatus 
Metallagecrinus  quinquelobus 
Metasycocrinus  piriformis 
Mollocrinus  omatissimus 
Mollocrinus  paucituberculatus 
Mollocrinus  poculum 
Monobrachiocrinus  ficiformis 
Monobrachiocrinus  ficiformis  carinatus 
Monobrachiocrinus  ficiformis  elongatus 
Monobrachiocrinus  ficiformis  granulatus 
Neocatillocrinus  incisus 
Neozeacrinus  peramplus 
Nereocrinus  antiquus 
Nereocrinus  granulatus 
Notiocrinus  tirnoricus 
Oklaliomacrinus  expansus 
Parabursacrinus  compressus 
Parabursacrinus  conus 
Pa rabu rsacrin  us  magn ificus 
Parabursacrinus  magniftcus  granulatus 
Parabursacrinus  procerus 
Parabursacrinus  pyramidatus 
Parabursacrinus  pyramidatus  granulatus 
Paracatillocrinus  granulatus 
Paradoxocrinus  patella 


Pa  rag  raphiocrinus  exo  mat  us 
Paraplasocrinus  transitorius 
Parastachyocrinus  granulatus 
Parastachyocrinus  inflatus 
Parastachyocrinus  malaianus 
Parastachyocrinus  malaianus  ornatus 
Parastachyocrinus  obliquus 
Parindocrinus  oyensi 
Permiocrinus  immaturus 
Pilidiocrinus  permicus 
Poteriocrinites  malaianus 
Prochoidocrinus  nodosus 
Prolobocrinus  gracilis 
Prolobocrinus  permicus 
Prolobocrinus  striatus 
Pumilindocrinus  angulosus 
Pumilindocrinus  pumilus 
Rimosindocrinus  brcvijugatus 
Rimosindocrinus  pachycephalus 
Rimosindocrinus  rimosus 
Roemerocrinus  gracilis 
Roemerocrinus  gracilis  granulatus 
Roemerocrinus  scrobiculatus 
Roemerocrinus  turbinatus 
Spaniocrinus  validus 
Spheniscocrinus  spinosus 
Stachyocrinus  zea 
Strongylocrinus  molengrafft 
Stuartwellercrinus  jonkeri 
Stuartwellercrinus  minimus 
Stuartwellercrinus  propinquus 
Stuartwellercrinus  pusillus 
Sundacrinus  elongatus 
Sundacrinus  granulatus 
Sundacrinus  triangulus 
Sundacrinus  vastus 
Synbathocrinus  campanulatus 
Synbathocrinus  campanulatus  elongatus 
Synbathocrinus  campanulatus  inflatus 
Synbathocrinus  constrictus 
Synbathocrinus  constrictus  sinuosus 
Synyphocrinus  indicus 
Synyphocrinus  traulscholdi 
Synyphocrinus  weidneri 
Tapinocrinus  tirnoricus 
Tapinocrinus  tirnoricus  spinosus 
Tenagocrinus  sidcatus 
Teratocrinus  spalhulilcs 
Teratocrinus  triangulalus 
Thetidicrinus  piriformis 
Timorechinus  dccurtalus 
Timorechinus  lacerlosus 
Timorechinus  mirabilis 
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Timorechinus  mirabilis  vermislrialus 
Timorechinus  multicostatus 
Timorechinus  pentagonalis 
Timorechinus  pentagonalis  nodosus 
Timorechinus  proboscideus 
Timorechinus  spinosus 
Timorechinus  spinosus  incisus 
Timorocidaris  baculifonnis 
Timorocidaris  cla  vaeform  is 
Timorocidaris  fusiformis 
Timorocidaris  sphaeracantlm 
Trimerocrinus  minimus 
Trimerocrinus  pumilus 
Trimerocrinus  pumilus  pentagonus 
Ulocrinus  conoideus  =  unnam.  n.  gen.  2 
Ulocrinus  indicus  =  unnam.  n.  gen.  2 
Wrightocrinus  jakovlevi 
Xenocatillocrinus  wrighti 
Flexibles 

Ancistrocrinus  depressus 
Ancistrocrinus  vermistriatus 
Bracliypus,  see  Permobrachypus 
Calycocrinus  curvatus 
Calycocrinus  curvatus  conicus 
Calycocrinus  curvatus  coronatus 
Calycocrinus  curvatus  depressus 
Calycocrinus  curvatus  elongatus 
Calycocrinus  curvatus  informis 
Calycocrinus  curvatus  labrosus 
Calycocrinus  curvatus  subcoronatus 
Calycocrinus  curvatus  subturbinatus 
Calycocrinus  curvatus  lurbinatus 
Calycocrinus  erect  us 
Calycocrinus  granulatus 
Calycocrinus  granulatus  altior 
Calycocrinus  labiatus 
Calycocrinus  major 
Calycocrinus  malaianus 
Calycocrinus  millericrinoides 
Calycocrinus  nuciformis 
Calycocrinus  patella 
Calycocrinus  perplexus 
Calycocrinus  piriformis 
Calycocrinus  poculum 
Calycocrinus  similis 
Calycocrinus  spinosus 
Calycocrinus  tuberculatus 
Calycocrinus  venemai 
Calycocrinus  venemai  angulatus 
Calycocrinus  venemai  planus 
Cibolocrinus  spinosus 
Cibolocrinus  timorensis 
Loxocrinus  dilatatus 


Loxocrinus  globulus 
Permobrachypus  adhaerens 
Peirocrinus  beyrichi 
Petrocrinus  boschi 
Plagiocrinus  infratextus 
Plagiocrinus  jaekeli 
Plagiocrinus  torynocrinoides 
Proapsidocrinus  cuspidatus 
Proapsidocrinus  permicus 
Prophyllocrinus  dentatus 
Rumphiocrinus  singularis 
Syntomocrinus  sundaicus 
Basleo,  indeterminate  order 
Jonkerocrinus  spinosus 
Peripterocrinus  gracilis 
Teratocrinus  spathulifer 
Teratocrinus  ?  triangulatus 
Blastoids 

Anthoblastus  stelliformis 
Nannoblastus  pyramidalus 
Pteroloblastus  bre.vialatus 
Pterotoblastus  decemcostis 
Pteroloblastus  gracilis 
Angioblastus  variabilis 
Neoschisma  timorense 
Ncoschisma  verrucosurn 
Dipteroblastus  permicus 
Timoroblastus  coronatus 
Notoblatus  oyensi 
Thaumatoblaslus  longiramus 
Ceratoblastus  nanus 
Indoblastus  granulatus 
Indoblastus  weberi 
Rhopaloblastus  timoricus 
Deltoblastus  batheri 
Deltoblastus  crassus 
Deltoblastus  delta 
Deltoblastus  molengraaffi 
Deltoblastus  permicus 
Deltoblastus  pseudodelta 
Deltoblastus  timorensis 
Deltoblastus  timorensis  globosus 
Deltoblastus  verbeeki 
Deltoblastus  verbeeki  elongatus 
Orbitremites  malaianus 


Basleo  vicinity  localities  2-14  from  Molengraaff 
(1915)  as  indicated,  all  others  Wanner  (1924a 
crinoids,  1924b  blastoids).  Bold  face  species  do 
not  occur  in  general  Basleo  fauna.  Lithologies  are 
given  when  originally  given  for  locality. 


Appendix  continued  next  page 


DISTORTION  IN  THE  STRATIGRAPHY  AND  BIOSTRATIGRAPHY  OF  TIMOR 


63 


2.  Between  Niki  Niki  and  Noil  Fatoe  (=  N.  Fatu), 
red-brown  or  yellow  marl. 

Platycriniles  wachsmuthi 
Pleurocrinus  pusillus 
Plcurocrinus  globosus 
Neoplatycrinus  dilatatus 
Neoplatycrinus  major 
Loxocrinus  globulus 
Syntomocrinus  sundaicus 
Prophyllocrinus  denlatus 
Proaspidocrinus  cuspidatus 
cf.  Bolbocrinus  spec.  nov.  2 
Thetidicrinus  piriformis 
Hyposcrinus  schneideri 
Monobrachiocrinus  ftciformis 
Embryocrinus  lumieli 
Graphiocrinus  exornatus 
Graphiocrinus  verbeeki 
Parastachyocrinus  malaianus 
Cadocrinus  variabilis 
Paraplasocrinus  transitorius 
Timorechinus  spinosus  pentagonalis 
Strongylocrinus  molengraaffi 
Stachyocrinus  tea 
Timoroblastus  coronatus 
Indoblastus  granulatus 
Deltoblastus  verbeeki 
Deltoblastus  batheri 
Deltoblastus  permicus 

3.  Noil  Fatoe  (=  N.  Fatu),  red-brown  or  yellow 
marl. 

Platycriniles  wachsmuthi 
Neoplatycrinus  dilatatus 
Neoplatycrinus  major 
Eutelccrinus  piriformis 
Eutelecrinus  mangostanus 
Prophyllocrinus  dentatus 
Proapsidocuspidalus 
Hypocrinus  schneideri 
Monobrachiocrinus  ftciformis 
Embryocrinus  lumieli 
Synbathocrinus  campanulatus  inflatus 
Poteriocrinites  malaianus 
Cadocrinus  variabilis 
Timorechinus  alatus 
Timorechinus  spinosus 
Thaumatoblastus  longiramus 
Timoroblaslus  coronatus 
Deltoblastus  verbeeki 
Deltoblastus  batlieri 
Deltoblastus  permicus  ellipticus 

4.  Right  bank  and  right  valley  wall  of  Noil  Fatoe 


(=  N.  Fatu).  Wanner  No.  635  and  Molengraaff, 
red-brown  or  yellow  marl. 

Syntomocrinus  sundaicus 
Graphiocrinus  timoricus 
Cadocrinus  variabilis 
Lopadiocrinus  granulatus 
Timoroblastus  coronatus 
Deltoblastus  permicus  ellipticus 

5.  Opposite  Fatoe  Tonini,  red-brown  or  yellow 
marl. 

Neoplatycrinus  dilatatus 
Neoplatycrinus  transitorius 
Syntomocrinus  sundaicus 
Calycocrinus  curvatus  typus 
Prophyllocrinus  dentatus 
Graphiocrinus  exornatus 
Graphiocrinus  depressus 

6.  Between  Noil  Fatoe  and  Noil  Tonini,  red- 
brown  or  yellow  marl. 

Platycriniles  wachsmuthi 

7.  Profile  Noil  Tonini  (Toeninoe),  greenish  tuff. 

Platycriniles  wachsmuthi 
Neoplatycrinus  dilatatus 
Loxocrinus  globulus 
Bolbocrinus  rex 
Monobrachiocrinus  ftciformis 
Cadocrinus  variabilis 
Timorechinus  multicostatus 
Timorechinus  spinosus 
Timorocidaris  clavaeformis 
Synbathocrinus  campanulatus  inflatus 
Pterotoblastus  gracilis 
Nannoblaslus  pyramidalus 
Timoroblastus  coronatus 
Deltoblastus  permicus  ellipticus 

8.  Noil  Tonini  No.  567,  ser.  III.  Molengraaff, 
greenish  tuff. 

Platycriniles  wachsmuthi 
Neoplatycrinus  dilatatus 
Neoplatycrinus  major 
Monobrachiocrinus  ftciformis 
Cadocrinus  variabilis 
Deltoblastus  jonkeri 
Deltoblastus  verbeeki 
Deltoblastus  batheri 
Deltoblastus  permicus 
Deltoblastus  permicus  ellipticus 

9.  Left  bank  of  Noil  Bocwan  (=  N.  Buwan), 
boundary  Landschaften,  Amanoeban  and 
Amanatoen,  greenish  tuff. 

Neoplatycrinus  major 
Deltoblastus  permicus  ellipticus 
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10.  Path  from  Noil  Fatoe  toward  Senoe  (=  Senu), 
*/2  hour  toward  locality  No.  162.  No.  182, 
ser.  Ill  Molcngraaff. 

Deltoblastus  jonkeri 

Delloblastus  hatheri 

11.  Path  from  Niki  Niki  toward  Senoe,  in 
proximity  of  Noil  Tonini.  Molengraaff. 

Deltoblastus  permicus  ellipticus 

12.  Right  bank  Noil  Fatoe  in  direction  toward 
Dorf  Talas.  No.  163,  ser.  Ill  Molcngraaff. 

Deltoblastus  batheri 

13.  Noil  Boewan  (=  Boenoe,  Bunu),  dense  at 
crossing  of  path  from  Niki  Niki  toward  Toi. 
No.  565  ser.  Ill  Molengraaff. 

Deltoblastus  permicus  ellipticus 

14.  Between  Bele  and  Niki  Niki,  V4  hour  from 
Bele.  No.  180,  ser.  III.  Molengraaff. 

Delloblastus  batheri 

Deltoblastus  permicus  ellipticus 


Localities  15-57  from  Molengraaff  (1915),  Jonker 
expedition  of  1916,  and  Weber  expedition  of  1911, 
as  indicated,  all  others  from  Wanner  (1910-1949). 
Taxa  in  boldface  do  not  occur  in  Basleo  general 
fauna. 

15.  Ajer  Mali  near  Koepang  (=  Kupang). 

Calycocrinus  kupangertsis 
Calycocrinus  granulatus 
Basleocrinus  strialegranulatus 
Thetidicrinus  piriformis 
Metasycocrinus  piriformis 
Hypocrinus  schneideri 
Deltoblastus  permicus 

16.  Koeafeoe  (Koewafeoc),  c.  4  km  from  Baung 
toward  Oikabitti.  Landschaft  Amarassi. 

Eutelecrinus  poculiformis 
Calycocrinus  curvalus  turbinatus 
Calycocrinus  curvalus  amarassicus 
Prophyllocrinus  denlatus 
Bolbocrinus  waldthauseniae 
Embryocrinus  sulcatus 
Cadocrinus  variabilis 
Cadocrinus  amarassicus 
Paraplasocrinus  transitorius 
Timoroechinus  alatus  major 
Timoroechinus  spinosus  penlagonalis 
Deltoblastus  limorcnsis 
Deltoblastus  timorensis  globosa 
Deltoblastus  della 
Deltoblastus  delta  elongata 


17.  Koeka  near  Baung,  Landschaft  Amarassi. 

Petrocrinus  kukaensis 
Monobrachiocrinus  ficiformis 
Embryocrinus  hanieli 

18.  Saokefi  near  Baung,  Landschaft  Amarassi. 

Calycocrinus  amarassicus 
Ceriocrinus  beyrichi 

19.  Si  (Siih)  near  Nocstoi  (Nustoi)  near  Baung, 
Landschaft  Amarassi. 

Ceriocrinus  beyriclii  nustoiensis 
Deltoblastus  delta 

20.  Iknin  near  Baung,  Landschaft  Amarassi. 

Palaeoholopus  pretiosus 

21.  Matanckorc  near  Baung,  Landschaft  Amarassi. 

Timoroechinus  spinosus  amarassicus 
Deltoblastus  timorensis 
Delloblastus  delta 
Deltoblastus  permicus 

22.  Soefa  near  Baung,  Landschaft  Amarassi. 

Poteriocrinidac  gen.  ind.  et  spec.  nov.  I 

23.  Doeasnain  near  Baung,  Landschaft  Amarassi. 

Syntomocrinus  sundaicus 

24.  Naboe  near  Fatu  Tassoe  near  Baung, 
Landschaft  Amarassi. 

Syntomocrinus  sundaicus 

25.  Nekemarcno  near  Soba  near  Baung, 

Landschaft  Amarassi. 

Poteriocrinilidae  gen.  et  spec,  indet.  11. 

26.  Mot  near  Soba  near  Baung,  Landschaft 
Amarassi. 

Timorechinus  spinosus 
Deltoblastus  delta 

27.  Doeasnain  (=  Roasnain)  near  Koeafeoe, 
Landschaft  Amarassi. 

Deltoblastus  delta 
Deltoblastus  delta  elongata 

28.  Oineno  (=  Oenona),  Landschaft  Amarassi. 

Deltoblastus  timorensis 

29.  Oenairoekoc  (=Oe  naroekoe),  Landschaft 
Amarassi. 

Deltoblastus  timorensis 
Deltoblastus  delta 

30.  Matanibaki,  Landschaft  Amarassi. 

Deltoblastus  timorensis 

31.  Fatu  Dewi,  Landschaft  Amarassi. 

Deltoblastus  timorensis 
Deltoblastus  delta 

32.  Hasrani,  Landschaft  Amarassi. 

Deltoblastus  delta 
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33.  Nonotahai,  Landschaft  Amarassi. 

Deltoblastus  della 

34.  Neofmoetih,  Landschaft  Amarassi. 

Deltoblastus  delta 

35.  Niocbana  near  Nobrana,  Landschaft  Amarassi. 

Dcltooblastus  delta 

36.  Toeporo  (perhaps  identical  with 
Toebocroporo  of  2nd  Netherlands  Timor 
expedition),  Landschaft  Amarassi. 

Deltoblastus  delta 

37.  Safocn  near  Soba,  Landschaft  Amarassi. 

Deltoblastus  timorensis 
Deltoblastus  delta 

38.  Noenpaung  near  Soba,  Landschaft  Amarassi. 

Deltoblastus  delta 

39.  Bisano  south  of  Baung,  Landschaft  Amarassi. 

Deltoblastus  timorensis 
Deltoblastus  delta 

40.  Path  from  Fatu  Metan  toward  Kapan, 
c.  300  m  from  Fatu  Metan,  Landschaft 
Mollo  (No.  217,  ser.  HI,  Molengraaff). 

Hypocrinus  schneideri 
Deltoblastus  pennicus 

41.  Dorf  Sebot  (=  Sebal,  Sabau)  in  the  spring 
region  of  the  Noil  Sebot  on  way  from 
Kapan  toward  Bonleo,  Landschaft  Mollo 
(Molengraaff  &  Jonker). 

Eutelecrinus  piriformis 
Eutelecrinus  poculiformis 
Paraeutelecrinus  elongatus 
Paraeutelecrinus  welleri 
Hypocrinus  schneideri 
Monobrachiocrinus  ftciformis  elongatus 
Embryocrinus  hanieli 
Mollocrinus  poculum 
Graphiocrinus  verbeeki 
Grapltiocrinus  verbeeki  vermistriatus 
Synbathocrinus  campanulatus  elongatus 
Timoroblastus  coronaus 
Deltoblastus  molengraaff!  sebotensis 
Deltoblastus  permicus  elliplica 

42.  1  km  south  of  Kapan,  Landschaft  Mollo 
(Molengraaff). 

Neoscltisma  verrucosum 

43.  Noil  Niti,  c.  150  m  downstream  from  the 
path  crossroads  Lclogama-Biwak  Tanini, 
Landschaft  Kaoniki. 

Platycrinites  wachsmuthi 
Thetidicrinus  piriformis 
Deltoblastus  permicus 


44.  Noil  Ekad  not  far  from  Noil  Toko,  Landschaft 
Miomaffo  (Jonker). 

Calceolispongia  cornutus 
Notiocrinus  ekadensis 
Deltoblastus  magniftcus 

45.  Noil  Nalien  near  Dorf  Tamien,  Boundary 
Landschaft  Miomaffo  and  Portuguese  district 
Oikusi  (Molengraaff). 

Actinocrinidae  gen.  et  spec.  ind.  2 
Calceolispongia  cornutus 

46.  About  half  way  from  Adjau  toward 
Maubesi,  Landschaft  Insana  (No.  155, 
ser.  Ill,  Molengraaff). 

Calycocrinus  crassus 

47.  Bitauni,  Landschaft  Insana  (Molengraaff  & 
Wanner). 

Batocrininac,  gen.  nov.  et  spec.  nov. 
Platycrinites  sp. 

Metasycocrinus  piriformis 
Paradoxocrinus  patella 

48.  North  of  bivouc  Bitauna,  Landschaft  Insana 
(Molengraaff),  red  marl. 

Calycocrinus  granulatus 

49.  Somohole,  c.  4.5  km  south  of  Soefa, 
Landschaft  Beboki  (Molengraff  &  Jonker), 
reddish-brown  volcanic  tuff. 

Neoplatycrinus  somoholensis 
Eutelecrinus  subglobosus 
Coenocyslis  somoholensis 
Lageniocrinus  seminulum  timorensis 
Mollocrinus  poculum 
Spliaeroschisma  somoholense 
Anthoblastus  brouweri 
Nannoblastus  cuspidatus 
Calycoblastus  tricavatus 
Deltoblastus  somoholensis 

50.  Upper  half  bivouac  Soefa,  Landschaft  Beboki. 
No.  552,  ser.  IV  Molengraaff,  grey  marl. 

Embryocrinus  hanieli 

51.  Dorf  Apna,  Landschaft  Beboki  (southwest  of 
Soefa  near  Baung). 

Platycrinites  wachsmuthi  apnaensis 
Paracalillocrinus  spinosus 

52.  Too,  northeast  of  Soefa,  half  way  between 
Soefa  and  Oerocki,  Landschaft  Beboki 
(Jonker). 

Calceolispongia  mammeatus 
Calceolispongia  cornutus 
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53.  Ncfotassi  near  Soefa,  Landschaft  Beboki 
(Jonker)  [Bitauni  fauna]. 

Monobrachiocrinus  granulatus 
Parabursacrinus  nefotassiensis 
Calceolispongia  mammeatus 
Timorechinus  nefotassiensis 
Timorechinus  maximus 
crinoidea  gen.  nov.  et  spec.  nov.  indet.  1 
crinoidea  gen.  et.  spec,  indet.  3 

54.  Mandeo,  Landschaft  Mandeo  (No.  188, 
ser.  Ill,  Molengraaff). 

Calycocrinus  crassus 

55.  Near  Aitali  (Aitoli)  on  up  valley  flow  south 
of  Atamboea,  Boundary  of  Landschaften  Lidak 
and  Fialarang  (Jonker). 

Criniodea  gen  nov.  and 
spec.  nov.  ind.  6 

56.  Hatu  Dame,  on  north  slope  of  Ramelau 
Mountains,  Portuguese  Timor,  Landschaft 
Atsabe  (Weber). 

Platycrinites  cf.  rugosus 
Indoblastus  weberi 

57.  Batu  Berketak,  Island  Rotti,  volcanic  ejecta. 

Cadocrinus  variabilis 


Localities  58-91  are  from  the  Basleo  region  and 
listed  in  Wanner  (1937,  1940,  1949)  and  Bassler 
&  Moodey  (1943)  with  species  added  from  Wanner 
publications  to  Bassler  &  Moodey  localities.  Local¬ 
ities  of  Bassler  &  Mooday  that  are  known  to  be 
the  same  as  previously  listed  Wanner  localities  are 
not  repeated  in  the  following  lists.  Species  from 
the  Walsh  Collection  (WC)  and  Treehmann  bequest 
(TB),  British  Museum  of  Natural  History,  were 
identified  by  me  and  added  to  locality  lists  as 
indicated. 

58.  Afukelc  (Wanner  1937) 

Neoplatycrinus  dilatatus 
Paraeutelecrinus  welteri 
Pleurocrinus  spectabilis 

59.  Falas,  c.  900  m  from  Basleo  along  path 
toward  Noil  Fatu  (Bassler  &  Moodey  1943; 
Wanner  1940). 

Graphiocrinus  pumilus 
Cadocrinus  cariabilis 
Parastachyocrinus  malaianus 
Platycrinites  waclismuthi  frequentior 
Neoplatycrinus  dilatatus 
Timorocidaris  clavaeformis 


60.  Faoet  Ao  (all  Walsh  Collection). 

Eutelecrinus  poculiformis 
Neoplatycrinus  dilatatus 
Lopadiocrinus  granulatus 
Timorechinus  miribilis 
Timorocidaris  sphaeracantha 
Timoroblastus  coronuaus 
Deltoblastus  batheri 
Deltoblastus  molengraffi 
Deltoblastus  permicus 
Deltoblastus  permicus  ellipticus 
Neoschisma  verrucosum 
Neoschisma  delta 

61.  Fatu  Aoeh  (Wanner  1937,  1940). 

Neoplatycrinus  dilatatus 
Platycrinites  waclismutlu 
Pleurocrinus  spectabilis 
Timorocidaris  sphaeracantha 

62.  Fatu  Inu  (=  F.  Jnu)  (Wanner  1937,  1940). 

Neoplatycrinus  dilatatus 
Timorocidaris  sphaerocantha 

63.  Fatu  Nek-Lape  (Wanner  1937,  1940). 

Platycrinites  waclismuthi 
Timorocidaris  sphaeracantha 

64.  Fatu  Noil  Tobe  (Wanner  1937,  1940). 

Neoplatycrinus  dilatatus 
Platycrinites  waclismuthi  frequentori 
Pleurocrinus  spectabilis 
Embryocrinus  hanelei  WC 
Lopadiocrinus  granulatus  WC 
Timorocidaris  sphaeracantha 

65.  Fatu  Somfaf  (Wanner  1937). 

Neoplatycrinus  dilatatus 
Platycrinites  waclismuthi 
Pleurocrinus  spectabilis 

66.  Kelniti  (Wanner  1937). 

Paraeutelecrinus  welteri 

67.  Kiumoko  (Kiocmoko)  (Basleo  region) 
(Wanner  1937;  Marcz-Oyens  1940;  Bassler 
&  Moodey  1943). 

Eutelcrinus  poculiformis  WC 
Platycrinites  waclismuthi 
Neoplatycrinus  dilatatus 
Paracatillocrinus  granulalus  WC 
Embryocrinus  Imneli  WC 
Hypocrinus  schneideri  WC 
Bolbocrinus  waldthausaniae  WC 
Monobrachiocrinus  ficiformis  WC 
Indocrinus  elegans  WC 
Cadocrinus  variabilis  WC 
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Graphiocrinus  pumilus 
Delocrinus  rugosus  WC 
Delocrinus  sp.  WC 
Paraplasocrrinus  transitorius  WC 
Parastachyocrinus  malaianus  WC 
Paragrapltiocrinus  exornatus  WC 
Lopadiocrinus  granulatus 
Loxocrinus  booni 
Loxocrinus  globulus  WC 
Sfuartwellercrinus  propinquus 
Timorechinus  miribilis  WC 
Timorechinus  miribilis  multicostatus  WC 
Timorechinus  spinosus  WC 
Timorocidaris  sphaeracantha  WC 
Syntomocrinus  sundaicus  WC 
Calycocrinus  granulata  WC 
Calycocrinus  spinosus  WC 
Prophyllocrinus  dentatus  WC 
Tunoroblastus  coronatus  WC 
Deltoblastus  balheri  WC 
Delloblastus  delta  WC 
Deltoblastus  molengraafft  WC 
Deltoblastus  anker i  WC 
Deltoblastus  perrnicusellipticus  WC 
Deltoblastus  verbeeki  WC 

68.  Mangan  Tobc  (Wanner  1937). 

Neoplatycrinus  dilatatus 
Platycrinites  wachsmuthi  frequentori 

69.  Mau  Leum  (Wanner  1937,  1940). 

Neoplatycrinus  dilatatus 
Timorocidaris  sphaeracantha 

70.  Nctu  Bunic  (Wanner  1940). 

Timorocidaris  sphaeracantha 

71.  Netu  Kot  (=  Netoe  Kot)  (Wanner  1937). 

Platycrinites  wachsmuthi 
Timorechinus  miribilis  WC 

72.  Nifoe  Moeli  (Wanner  1937). 

Isocatillocrinus  indicus 

73.  Nipol  Sumpek  (=  Nipol  Soempek)  (Wanner 
1937;  Bassler  &  Moodcy  1943). 

Calceolispongia  bifurcatus 
Nereocrinus  antiquus 

74.  Noil  Buan  (near  mouth)  (Basleo  region). 

Timorocidaris  fungiformis 

75.  Noil  Fatu  (Wanner  1937). 

Neoplatycrinus  dilatatus 
Platycrinites  wachsmuthi 

76.  Noko  (between  Basleo  and  Noil  Toke) 
(Wanner  1937,  1940;  Marez-Oyens  1940; 
Bassler  &  Moodcy  1943). 


Dichostreblocrinus  timorensis 
Metaeutelecrinus  fritillus 
Acariaiocrinus  angulosus 
Basleocrinus  slriategranulatus 
Bolbocrinus  curvatus 
Hemistreptacron  carinatum  omatum 
Mollocrinus  poculum 
Monobrachiocrinus  waitze 
Teratocrinus  spathulifer 
Timorocidaris  clavaeformis 
Timorocidaris  fusiformis 
Wrightocrinus  jakovlevi 

77.  Oc  Masih  (=Oi  Masik),  Between  Basleo 
and  Nipol,  along  trail,  c.  500  m  above  end 
of  trail  at  Noil  Bunu  (Wanner  1940;  Bassler 
&  Moodey  1943). 

Cadocrinus  variabilis 
Platycrinites  wachsmuthi  frequentori 
Stuartwellercrinus  propinquus 
Timorocidaris  clavaeformis 

78.  Oi  Fapunu  (=  Oe  Fapunu)  (Wanner  1937). 

Neoplatycrinus  dilatatus 

79.  Oi  Faoeh  (=  Oi  Fauh,  Oe  Fauh),  (Marez-Oyens 
1940). 

?Jonkerocrinus  conicus 
Platycrinites  wachsmuthi 
Pleurocrinus  spectabilis 
Tapinocrinus  timoricus 

80.  Pantukak  (c.  200  ni  toward  Silu  on  footpath 
toward  Noil  Bunu,  Basleo  region),  (Netoe 
Pantoekak  =  Nctu  Pantukak)  (Neoet  Pantoekak 
WC)  (Bassler  &  Moodcy  1943). 

Eutclcrinus  poculiformis  WC 
Platycrinites  wachsmuthi 
Neoplatycrinus  dilatatus  WC 
Synbathocrinus  constrictus  WC 
Embryocrinus  luinelei  WC 
Hypocrinus  schneideri  TB 
Bolbocrinus  waldthausaniae  WC 
Thetidicrinus  piriformis  WC 
Monobrachiocrinus  ficiformis  WC 
Strongylocrinus  molengraafft  WC 
Basleocrinus  conicus 
Basleocrinus?  sp.  WC 
Cadocrinus  variabilis 
Graphiocrinus  excavatissimus 
Graphiocrinus  pumilus 
Graphiocrinus  verbeeki  WC 
Graphiocrinus?  ovoides  WC 
Delocrinus?  sp.  WC 
Paraplasiocrinus  transitorius  WC 
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Paragraphiocrinus  exornatus  WC 
Benthocrinus  cryptobasalis 
Lopcidiocrinus  granulatus 
Parabursacrinus?  gracilis 
Tapinocrinus  timoricus 
Terataocrinus  spathulifer 
Timorocidaris  sphaerocantha 
Timorechinus  miribilis  WC 
Timorechinus  miribilis  multicostatus  WC 
Timorechinus  spinosus  WC 
’Cibolocrinus’  spinosus  WC 
Loxocrinus  globulus  WC 
Syntomocrinus  sundaicus  WC 
Calycocrinus  major  WC 
Propliyllocrinus  dentatus  WC 
Timoroblastus  coronutus  WC 
Thaumatoblastus  oligiramus  WC 
Deltoblastus  batheri  WC 
Deltoblastus  delta  WC 
Deltoblastus  molengraaffi  WC 
Deltoblastus  jonkeri  WC 
Deltoblastus  pennicus  ellipticus  WC 

81.  Snob  Nenoe  (=  S.  Nenu). 

Calycocrinus  curvatus  coronatus 
Syntomocrinus  sundaicus 

82.  Snofenio  (all  Walsh  collection). 

Platycrinites  cf.  rugosus 
Platycrinites  wachsmuthi 
Synbathocrinus  constrictus 
Paradoxocrinus  sp. 

Paraplasiocrinus  transitorius 
Parastachyocrinus  malaianus 
Paragraphiocrinus  exornatus 
Timorechinus  spinosus 
Timorocidaris  sphaeracantha 
Timoroblastus  coronutus 

83.  Soempek  Safneo  (=  Sumpeh  Safneo) 

(c.  500  m  from  Nipol,  between  Oi  Sumpeh 

and  Noil  Suti,  Basleo  region)  (Bassler  & 

Moodey  1943). 

Camptocrinus  indoaustralicus  WC 
Eutelecrinus  elongatus  WC 
Platycrinites  cf.  rugosus  WC 
Platycrinites  wachsmuthi 
Pleurocrinus  spectabilis 
Neoplatycrinus  dilatatus 
Hypocrinus  schneideri  WC 
Thetidicrinus  piriformis  WC 
Monobrachiocrinus  ficiformis  WC 
Poteriocrinites  malaianus  WC 
Indocrinus  elegans  WC 


Basleocrinus  striategranulatus 
Cadocrinus  variabilis 
Graphiocrinus  verbeeki  WC 
Lopadiocrinus  granulatus  WC 
Neozeacrinus  springeri 
Neozeacrinus  peramplus 
Parastachyocrinus  malaianus 
Stuartwellercrinus  propinquus 
Timorechinus  miribilis  WC 
Timorocidaris  sphaeracantha  WC 
Calycocrinus  curvatus  labrosus 
Calycocrinus  granulatus  WC 
Cibolocrinus  limorensis 
Propliyllocrinus  dentatus  WC 
Timoroblastus  coronatus  WC 
Thaumatoblastus  oligiramus  WC 
Deltoblastus  batheri  WC 
Deltoblastus  delta  WC 
Deltoblastus  delta  subglobosus  WC 
Deltoblastus  pennicus  ellipticus  WC 
Deltoblastus  pseudodelta  WC 
Deltoblastus  verbeeki  WC 

84.  Soka,  along  Noil  Tobe,  between  Basleo  and 
Noil  Bunu  (Bassler  &  Moodey  1943). 

Timorocidaris  clavaefonnis 

85.  Susu  Mepa  (Wanner  1937). 

Neoplatycrinus  dilatatus 
Platycrinites  wachsmuthi  frequentori 

86.  Toeboe  Lopo  (=TbbuIopo,  =Lopo)  (Bassler 
&  Moodey  1943). 

Metallagecrinus  quinquebrachiatus 
Neocatillocrinus  incisus 
Trimerocrinus  minimus 
Wriglitocrinus  jakovlevi 

87.  Toenioen  Eno  (Tunium  Eno;  Tuniun)  (Bassler 
&  Moodey  1943). 

Eutelecrinus  poculiformis  WC 
Eutelecrinus  inflatus  WC 
Platycrinites  wachsmuthi 
Pleurocrinus  spectabilis 
Neoplatycrinus  dilatatus 
Paracatillocrinus  granulatus  WC 
Synbathocrinus  constrictus  WC 
Embryocrinus  hanelei  WC 
Hypocrinus  schneideri  WC 
Bolbocrinus  waldthausaniae  WC 
Bolbocrinus  tuberculatus  WC 
Thetidicrinus  piriformis  WC 
Monobrachiocrinus  ficiformis  WC 
Strongylocrinus  molegraaffi  WC 
Indocrinus  crassus  WC 
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Indocrinus  elegans  WC 
Sundacrinus  triangulus  WC 
Basleocrinus  cf.  pucillus  WC 
llasleocrinus?  sp.  WC 
Ulocrinus?  conoideus  WC 
Cadocrinus  variabilis 
Calycocrinus  curvatus  subcoronatus 
Graphiocrinus  pumilus 
Graphiocrinus  ovoides  WC 
Graphiocrinus  limoricus  WC 
Graphiocrinus  verbeeki  WC 
Graphiocrinus  deprcssus  labiosus  WC 
Paragraphiocrinus  exomalus  WC 
Lopadiocrinus  granulalus 
Neozeacrinus  springcri 
Stachyocrinus  zea  WC 
Parastachyocrinus  malaianus 
Parastachyocrinus  malaianus  omatus 
WC 

Parabursacrinus  magnificus  WC 
Parabursacrinus  pyramidalis  WC 
Stuartwellercrinus  propinquus 
Teratocrinus?  bulbosus 
Timorechinus  miribilis  WC 
Timorechinus  spinosus  WC 
Timorechinus  aff.  proboscideus  WC 
Timorocidaris  fusiformis 
Timorocidaris  sphaeracantha 
'Cibolocrinus'  Iransitorius  WC 
Loxocrinus  globulus  WC 
Loxocrinus  sp.  WC 
Syntomocrinus  sundaicus  WC 
Calycocrinus  granulata  WC 
Calycocrinus  curvatus  WC 


Calycocrinus  spinosus  WC 
Prophyllocrinus  dentatus  WC 
Proapsidocrinus  cuspidalus  WC 
Timoroblastus  coronatus 
Timoroblastus  coronatus  ingens 
Timoroblastus  sphaerocantha 
Thaumatoblastus  oligiramus  WC 
Deltoblastus  batheri  WC 
Deltoblastus  delta  WC 
Deltoblastus  molengraajfi  WC 
Deltoblastus  jonkeri  WC 
Deltoblastus  permicus  ellipticus  WC 
Deltoblastus  verbeeki  WC 

88.  Tac  Wei  (Marez-Oyens  1940;  Bassler  & 
Moodey  1943). 

Parasycocrinus  fastigatepileatus 
Timorocidarus  pistilliformis 
Calycocrinus  labiatus 
Plerotoblastus  ferrugitteus 
Timoroblastus  weienensis 


90.  Koaneke  (=  Koanelc),  (Bassler  &  Moodey 
1943),  District  Miomaffo. 

Deltoblastus  magnificus 


Regional  locality  unknown  to  date;  Basleo  Region? 
(Bassler  &  Moodey  1943). 

91.  Kiukilo. 

Prolobocrinus  striatus 
Timorocidaris  fusiformis 


89.  Toe  Lina. 

Paradoxocrinus  patella 


Section  2.  Non-Timor  localities  referred  to  in  Table  2.  Data  compiled  from  Bassler  &  Moodey  (1943) 
and  Webster  (1973,  1977,  1986,  1988,  1993,  unpubl.).  Localities  include  nomenclatorial  changes  tabulated 
in  the  Webster  references.  For  each  locality  taxa  known  from  Timor  are  in  bold  face,  i.e.  Genus  in 
Timor,  species  in  Timor. 


Callytharra  Formation,  late  Sakmarian-early 
Artinskian,  Western  Australia  (Tcichert  1949; 
Webster  1987;  Webster  &  Jell  1992). 

Camcrates 

Coelocrinid?  indet.  cf.  Dorycrinus 
Actinocrinites  cf.  A.  brouweri 
Neocamptocrinus  sp. 

Platycriniles  wrighti 
Neoplatycrinus  callytharraensis 
Platycrinites-Neoplatycrinites  sp. 

Indet.  dichocrinid  radial  1 


Indet.  dichocrinid  radial  2 
Indet.  dichocrinid  radial  3 
Indet.  camerate  radial  1 
Indet.  camerate  radial  2 
Indet.  camerate  radial  3 
Indet.  camerate  radial  4 
Indet.  camerate  radial  5 

Inadunates 

Wrightocrinus  wooramelcnsis 
Litocrinus  pansus 
Litocrinus  protuberans 
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Notiocalillocrinus  callytharraensis 
Synbathocrinus  constrictus 
Synbathocrinus  campanulatus 
Barycrinus?  indet 
Lampadosocrinus  variabilis 
Cosmetocrin us  ?  middalyaensis 
Cydonocrinus  cf.  C.  turbinatus 
Tapinocrinus  macurdai 
Tapinocrinus  ingrami 
Tapinocrinus?  sp. 

Parabursacrirtus  magnificus 
Parabursacrinus  granulatus 
Parabursacrinus  nefotassiensis 
Apographiocrinus  pumilus 
Minilyacrinus  williamburyensis 
Galaleacrinus  australis 
Texacrinus  goochensis 
Timorechinid  gen.  indet.  (set  of  arms) 
Calceolispongia  spinosa  (basals) 
Calceolispongia  cf.  C.  spinosa  (basal) 
Calceolispongia  digitata  (basals) 
Calceolispongiidae  sp.  indet. 

Indet.  inadunate  radial  1 

Indet.  inadunate  radial  2 

Indet.  inadunate  radial  3 

Indet.  inadunate  radial  4 

Indet.  inadunate  radial  5 

Indet.  inadunate  radial  6 

Indet.  inadunate  radial  7 

Indet.  inadunate  radial  8 

Indet.  inadunate  radial  9 

Indet.  inadunate  radial  10 

Family  and  genus  indet.  (set  of  arms) 

Baryschyr?  camarvonensis  (cols) 

Flexibles 

Indet.  flexible  radial  I 

Blastoids 

Neoschisma  australe 
Neoschisma  verrucosum 
Neoschisma  exiensum 
Notoblastus  ste llaris 
Rhopaloblastus  cuspidatus 
Deltoid  indet. 

Krasnoufimsk,  late  Artinskian,  southern  Ural  Mtns, 

Russia  (Yakovlev  &  Ivanov  1956;  Arendt  1968, 

1978). 

Camerates 

Camplocrinus  permiensis 
Platycrinites  permiensis 
Stomiocrinus  permiensis 


Inadunates 

A cariaiocrinus  caryophylloides 
Basleocrinus  krasnooufimskensis 
Delocrinus  serratomarginatus 
Graphiocrinus  elenae 
Epihalysiocrinus  luberculatus 
Hcmiindocrinits  fredericksi 
Hemimollocrinus  uralensis 
Hernistreptacron  abrachiatus 
Hypermorphocrinus  magnospinosus 
Kallimorphocrinus  multibrachiatus 
Kallimorplwcrinus  uralensis 
Kallimorphocrinus  uralensis  nodocarinatus 
Monobrachiocrinus  oviformis 
Nereocrinus  jemeljantzevi 
Proindocrinus  piszowi 
Strongylocrinus  uralicus 
Sundacrinus  scptentrionalis 
Trimerocrinus  platypleura 
Ulocrinus  uralensis 

Flexibles 

Bolbocrinus  eudoxiae 
Calycocrinus  rossicus 
Calycocrinus  sp. 

Cibolocrinus  treuteri 
Ammonicrinus?  nordicus  (col) 

Blastoids 

Angioblastus  elongatus 
Angioblastus  wanneri 

Wandagec  Formation,  late  Artinskian,  Western 
Australia  (Tcichert  1949;  Webster  1990;  Webster 
&  Jell  1992). 

Camerates 

Neocamptocrinus  sp. 

Stomiocrinus  ferruginus 

Inadunates 

Rhcnocrinidac  gen.  et  sp.  nov. 

Occiducrinus  australis 
Tapinocrinus  spinosus 
Skaiocrinus  granulosus 
Eoindocrinus  praeconlignatus 
Calceolispongia  abandons 
Calceolispongia  acuminata 
Calceolispongia  elegantula 
Calceolispongia  hindei 
Calceolispongia  multiformis 
Calceolispongia  robusla 
Calceolispongia  rotundata 
Calceolispongia  rubra 
Calceolispongia  spectabilis 
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Calceolispongia  spp.  ind.  A  through  F 
Jimbacrinus  minilyaensis 
Family  and  genus  indet. 

Crinoidal  Zone,  early  Artinskian,  Tasmania, 
Australia  (Sieverts-Dorcck  1942;  Willink  1979b, 
1980a,  1980b). 

Cameratcs 

Neocamptocrinus  banksi  (col) 
Neocamptocrinus  bemacchiensis  (col) 
Neocamptocrinus  doreckae  (col) 
Neocamptocrinus  sievertsae  (col) 
Neocamptocrinus  tasmaniensis  (col) 
Neocamptocrinus  sp.  cf.  N.?  tasmaniensis 
(col) 

Neocamptocrinus  sp.  indet. 

Dichocrinus?  darlingtonensis 

Inadunatcs 

Calceolispongia  diemenensis 
Calceolispongia  gerthi 
Jimbacrinus?  noetlingi 

Wandrawandian  Siltstone,  late  Artinskian,  New 
South  Wales,  Australia  (Willink  1978,  1979b, 
1980a,  1980b). 

Camerates 

Diclwcrinus?  australia 
Neocamptocrinus?  gremialis 
Neocamptocrinus  wardenensis 

Inadunates 

Notiocatillocrinus  cephalonus 
Notiocalillocrinus  giganteus 
Calceolispongia  nodosa 
Calceolispongia  teicherti 
Calceolispongia  ulladullensis 
Tribrachyocrinus  corrugatus 
Tribrachyocrinus  etheridgei 

Timan,  Artinskian,  Russia  (Yakovlev  1941,  1948; 
Yakovlev,  in  Yakovlev  &  Ivanov  1956). 

Cameratcs 

Dichocrinus  schmidtii 
Platycrinites  schmidtii 
Platycrinites  sp. 

Inadunatcs 

Cadocrinus  timanicus 
Graphiocrinus  timanicus 
Protencrinus  lobatus 


Stachyocrinus  timanicus 

Bird  Spring  Formation,  middle  Artinskian,  southern 
Nevada,  USA  (Lane  &  Webster  1966;  Webster  & 
Lane  1967). 

Camerates 

Platycrinites  sp. 

Inadunates 

Isoallagecrittus  eaglei 
Brabeocrinus  cuneatus 
Stellarocrinus  comptus 
Stellarocrinus?  sp. 

Celonocrinus  expansus 
Celonocrinus  nodulus 
Synypltocrinus  permicus 
Agnostocrinus  typus 
Elibatocrinus  elongatus 
Moscovicrinus  bipinnatus 
Moapacrinus  rotudatus 
Moapacrinus  inonatus 
Texacrinus  distortus 
Exocrinus  moorei 
Stuartwellercrinus  corbatoi 
Pelschoracrinus?  sp. 

Parelhelocrinus  rectilatus 
Arroyocrinus  popenoei 
Erisocrinus  longwelli 
Delocrinus  vastus 
Endelocrinus  torus 
Endelocrinus  sp. 

Graphiocrinus  copullus 
Plianocrinus?  insolitus 
Aatocrinus  permicus 
Neozeacrinus  wanneri 
Neozeacrinus  coronulus 
Plaxocrinus  piutae 
Plaxocrinus  sp. 

Perimestocrinus  nevadensis 
Perimestocrinus  oasis 
Slenopecrinus?  xerophilus 
Utliarocrinus  sp. 

Schedexocrinus  sp. 

Allosocrinus  quinarius 
Aesiocrinus  delicatulus 
Aesiocrinus  inornatus 
Aesiocrinus  nodosus 
Polusocrinus  amplus 

Flexibles 

Nevadacrinus  geniculatus 
Trampidocrinus  phiala 
Cibolocrinus  typus 
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Cibolo  Limestone,  middle  Artinskian,  west  Texas, 
USA  (Weller  1909;  Moore  &  Plummer  1940). 

Inadunates 

Parulocrinus  americanus 
Neozeacrinus  iiddeni 
Delocrinus  quadratus 
Erisocrinus  propinquus 
Melarreclocrinus  major 
Metarrectocrinus  lexanus 
Perimestocrinus  excavaius 
Apographoiocrinus  wolfcampensis 
Spaniocrinus  trinodus 

Flcxibles 

Cibolocrinus  regalis 
Cibolocrinus  typus 

Copacabana  Group,  Artinskian,  Bolivia  (Branisia 
1965;  Burke  1975;  Burke  &  Pabian  1978). 

Inadunates 

Aulocrinus  cf.  A.  agassizi 
Delocrinus  cf.  D.  matheri 
Delocrinus  cf.  D.  subhemisphericus 
Lecanocrinidae  gen.  et  sp.  indet. 
Lecythiocrinus  cf.  L.  olliculaeformis 
Plummericrinus  cf.  P.  ogarai 
Axillary  spines  (primibrachials) 

Crinoid  indet.  (cols) 

Cibolocrinus  patriciae 
Cibolocrinus  cf.  C.  typus 

Djebel  Tebaga,  Wordian,  Tunisia  (Valette  1934; 
Termier  &  Termier  1949;  1958;  Termier,  Termier 
&  Vachard  1977;  Lane  1984). 

Inadunates 

Paragaricocrinus?  yakovlevi 
Tunisiacrinus  imitator 
Trinalicrinus  tunisiensis 


“V 

Strobocrinus  brachiatus 
Embryocrinus  variabilis 
Tetrabrachiocrinus  fabianii 
Stuartwellercrinus  sp. 

Tebagocrinus  solignaci 
Family  ?Erisocrinidae,  gen.  et  sp.  indet. 
Family,  gen.  et  sp.  unknown 
Tetrabrachiocrinus  amouldi  (col) 

Sosio  Limestone,  Wordian,  Sicily  (Yakovlev  1934, 
1938;  Strimple  &  Sevastopulo  1982). 

Inadunates 

Basleocrinus  cryptobasalis 
Palerrnocrinus  jaekeli 
Agassizocrinus  ?  striatiferus 
Stachyocrinus  stefaninii 
Graphiocrinus  fossatotuberculatus 
Monobrachiocrinus  siciliensis 
Paragaricocrinus  mediterraneus 
Tetrabrachiocrinus  fabianii 
Metallagecrinus  palermoensis 

Flexibles 

Cibolocrinus  nodosus 

Berry  Formation,  Wordian,  New  South  Wales, 
Australia  (Willink  1979a,  1979b,  1980a). 

Camerates 

Neocamptocrinus  bundanoonensis 
Inadunates 

Tribrachyocrinus  brogerensis 
Tribrachyocrinus  clarkei 
Tribrachyocrinus  corrugatus 
Tribrachyocrinus  pseudoclarkei 
Tribrachyocrinus  rattei 
Tribrachyocrinus  sp.  indet. 

Nowracrinus  omatus 
Meganotocrinus  tuberculatus 
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Three  outstanding  problems  of  Permian  correlation  are  illustrated  in  this  paper  by  means 
of  the  selected  tie  points.  Among  them,  defining  the  corresponding  level  of  the  base  of  the 
Guadalupian  in  the  Tethyan  areas  is  particularly  pressing  since  we  need  a  sound  basis  for 
establishing  its  Global  Stratotypc  Section  and  Point  (GSSP).  Coincident  occurrence  of  leading 
species  of  conodont  zones  in  South  China  and  SW  USA  indicates  that  the  Kubergandinian 
Stage  of  the  Tethyan  areas  is  unlikely  to  be  equivalenl  to  the  Roadian  Stage  of  the  global 
standard.  Longstanding  interpretation  has  suggested  that  Lopingian  marine  deposits  arc  essentially 
absent  over  Pangean  shelves.  However,  whether  it  is  a  depositional  gap  of  more  than  ten  Ma 
or  an  evolutionary  stasis  of  marine  faunas  remains  uncertain.  A  north-south  correlation  of 
Permian  chronostraligraphic  successions  is  especially  problematical.  The  discrepancy  between 
various  correlation  of  magnetostratigraphic  successions  in  Australia,  North  China  and  the  Urals 
prompts  an  alternative  interpretation  for  the  age  of  the  supposed  Ufiinian  normal  polar  zones 
in  Eastern  Australia,  that  is,  the  Late  Guadalupian  or  the  Early  Tatarian. 


RECENTLY,  an  integrated  chronostraligraphic 
scheme  for  the  Permian  system  was  approved  by 
the  Permian  Subcommission,  International  Com¬ 
mission  on  Stratigraphy  (Jin  et  al.  1997).  The 
scheme  integrates  the  Cisuralian  Series  of  the 
Lower  Permian  from  the  traditional  standard 
sections  in  the  Urals,  the  Guadalupian  Series  of 
SW  USA  and  the  Lopingian  Scries  of  South  China, 
because  the  Upper  Permian  of  the  classic  sequence 
is  composed  of  facies  not  suitable  for  defining  the 
boundary  stratotypes.  This  scheme  will  not  only 
serve  as  a  working  template  for  the  Subcommission 
in  defining  the  Global  Stratotype  Section  and  Points 
(GSSPs)  for  intra-systemic  boundaries  following  the 
concept  and  procedures  of  modern  stratigraphy,  but 
also  as  a  catalyst  for  developing  a  more  reliable 
global  correlation  of  the  Permian.  An  attempt  to 
erect  a  correlation  between  the  proposed  standard 
and  other  Permian  successions  is  a  common  desire 
for  Permian  stratigraphers  since  a  reliable  time 
framework  for  better  understanding  the  geological 
history  cannot  be  provided  without  precise  cor¬ 
relation.  It  is  a  particularly  urgent  task  for  the 
correlation  of  post-Artinskian  successions,  which 
is  far  from  precise,  because  of  the  strong  bio- 
geographic  differentiation.  On  the  other  hand 
potentiality  of  correlation  is  a  basic  requirement  of 
an  acceptable  stratigraphic  boundary  level.  While 
the  correlation  used  this  scheme  as  a  standard,  the 
correlation,  in  turn,  served  as  an  invaluable  basis 
for  improvement  of  the  scheme,  in  an  extremely 
helpful  process  of  leapfrogging. 


The  purpose  of  this  paper  is  to  explore  reliable 
and  practicable  means  for  establishing  a  sound 
correlation  and  to  identify  the  most  prominent 
problems  involved  at  present.  Emphasis  is  on 
correlation  between  the  Tethyan  Kubergandinian 
Stage  and  the  global  standard  Roadian  stage, 
correlation  of  Lopingian  deposits  in  Pangean  shelf 
areas,  and  between  the  Permian  in  Australia  and 
in  the  Urals  in  terms  of  physical  stratigraphic 
evidence  including  isotopic  age,  magneto-  and 
sequence  stratigraphic  data. 

HISTORICAL  REVIEW 

Since  Waterhouse  (1976)  contributed  a  thorough 
survey  of  the  world  correlation  of  marine  Permian 
with  his  composite  scheme  as  the  standard,  much 
clarification  has  been  done  on  the  intercontinental 
correlation  of  the  Permian.  The  most  prominent 
changes  in  correlation  between  Permian  regional 
sequences  during  the  last  two  decades  include  these 
points: 

The  Tatarian  in  the  Urals  has  long  been 
considered  as  an  international  standard  for  the  latest 
Permian.  The  terrestrial  nature  of  the  standard 
Tatarian  makes  it  very  difficult  to  correlate  with 
marine  sequences.  Conventionally,  it  is  an  equiv¬ 
alent  of  the  Lopingian  or  the  Dzhulfian  in  the 
Tethyan  areas.  Occurrence  of  the  Illawarra  Reversal 
in  the  lower  portion  of  the  Tatarian  in  its  type 
section  indicates  that  this  stage  extends  well  below 
the  Capitanian  Stage  (Menning  ct  al.  1986). 
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The  Kungurian  in  the  Urals  has  been  regarded 
as  a  coeval  part  of  the  lower  Maokouan  in  South 
China  or  the  Roadian  in  SW  USA  by  Ustritsky 
(1971)  and  Waterhouse  (1976),  and  that  of  the 
Chihsian  of  South  China  or  the  Leonardian  of 
SW  USA  by  Grant  &  Cooper  (1973)  and  Furnish 
(1973).  It  has  been  documented  as  an  equivalent 
of  the  Chihsian  Subseries  of  South  China  and 
the  Cathedralian  in  SW  USA  as  each  is  defined 
by  the  Neostreptognathodus  pnevi-N.  exculptus 
conodont  zone  at  the  base  (Jin  et  al.  1994). 

Following  the  establishment  of  the  Guadalupian- 
Lopingian  boundary  sequence  in  South  China,  quite 
a  few  regional  units  that  have  been  proposed  as 
the  global  standard  for  a  pre-Dzhulfian  and 
post-Guadalupian  interval  were  clarified  in  age. 
Among  them,  the  Punjabian  Stage  consisting  of 
the  Chhidraan  and  the  Kalabaghian  Substage 
(Waterhouse  1976),  was  regarded  as  a  unit  below 
the  Lopingian  Series  by  brachiopod  experts  (Grant 
&  Cooper  1973;  Waterhouse  1976;  etc.),  but 
essentially  as  an  equivalent  of  the  Lopingian 
Series  by  ammonoid  experts  (Furnish  1973).  Data 
from  the  study  of  foraminifers  (The  Pakistan- 
Japancse  Research  Group  1985)  and  conodonts 
(Wardlaw  &  Pogue  1995)  from  its  type  sections 
support  the  views  of  Furnish  (1973).  The  Abadehian 
Stage  (Taraz  1974)  has  been  shown  to  be  of  latest 
Guadalupian  age  by  having  Yabeina  in  its  upper 
part  (Baghbani  1991),  and  further  confirmed 
by  having  Clarkina  dukouensis  of  the  earliest 
Wuchiapingian  from  the  overlying  the  Hambast 
Formation  (Golshani  et  al.  1996). 

From  the  foregoing  review,  it  would  appear 
that  the  responsibility  of  correlation  for  Permian 
successions  has  depended  over  the  last  two  decades 
mainly  on  the  interpreted  evolutionary  succession 
of  regionally  limited  ammonoid,  brachiopod  and 
fusulinid  faunas.  Since  then,  prime  value  has 
shifted  to  the  zonation  of  other  fossil  groups  such 
as  conodonts,  radiolarians  and  palymorphs,  and  to 
physical  stratigraphic  evidence  as  well. 

THE  FIRST  ORDER  OF  TIE  POINTS  FOR 
GLOBAL  PERMIAN  CORRELATION 

Stratigraphic  evidence  that  can  serve  as  a  reliable 
tie  in  global  correlation  is  limited  and  particularly 
so  for  biostratigraphic  zones  above  the  Artinskian 
Stage.  Lack  of  directly  worldwide  applicable  bio¬ 
stratigraphic  zonation  of  Permian  successions 
implies  the  necessity  to  resort  to  other  means,  such 
as  isotopic  dating  and  the  magnetostratigraphy  to 
establish  a  reliable  chronostratigraphic  correlation 
between  the  Permian  of  various  palaeobio- 
geographic  realms. 


Biostratigraphic  zones.  The  refined  zonation  of 
Permian  conodonts  achieved  in  recent  years 
enables  us  to  link  up  the  type  sections  of  the 
four  divisions  as  precise  ties  between  them  'n 
the  Palaeocquatorial  Realms.  The  superposition 
between  the  Guadalupian  Series  in  SW  USA 
and  the  Lopingian  Series  in  South  China  can 
be  confirmed  by  sharing  a  succession  frorn 
the  Jinogondolella  altudaensis  Zone  to  Ciarkitirj 
postbitteri.  The  first  occurrence  of  J.  nankingens‘s 
can  serve  as  a  mark  to  correlate  the  basal  level 
of  the  Guadalupian  Series  of  SW  USA  and 
that  in  the  Tcthyan  areas.  The  Neosireptognathodus 
pnevi-exculptus  Zone,  which  has  been  recognised 
in  Urals,  South  China  and  SW  USA,  makes  a 
confident  connection  between  the  base  of  the 
Kungurian  sequences  of  these  areas.  From  the 
conodont  succession,  it  will  be  normally  easier  to 
correlate  secondarily  into  the  successions  of  the 
fusulinids,  ammonoids,  palynomorphs  and  other 
fossil  groups,  which  are  critically  important  for 
correlation  as  well. 

Magnetostratigraphic  zones  and  radiometric  age. 
The  improved  biostratigraphic  zonation  and  the 
magnetostratigraphic  and  radiochronological  time 
scale  will  provide  a  framework  to  link  all  regions 
both  inside  and  beyond  the  Palaeoequatorial  realms. 
At  present,  emphasis  of  these  studies  is  laid  on 
locating  the  Illawarra  Reversal  and  dating  the 
volcanic  beds  with  precise  biostratigraphic  control. 
According  to  Dr  Haller  and  his  colleagues,  the 
Illawarra  Reversal  (IR)  occurs  in  the  upper  part  of 
the  Maokou  Formation  in  South  China  and  the 
Lower  part  of  the  Wargal  Formation  in  Salt  Range, 
which  are  corresponding  with  the  Neoschwagerint* 
margaritae  Zone  and  the  Jinogondolella  aserrata 
Zone  of  the  Wordian  Stage.  With  regard  to  the 
magnetostratigraphic  zonation,  the  Permian  beds 
of  the  Carbonifcrous-Permian  Reversed  Megazone 
(CPRM)  may  be  grouped  into  a  normal  zone  in 
the  basal  part  and  a  reversal  zone  for  the  rest  part, 
and  those  of  the  Permian-Triassic  Mixed  Megazone 
(PTMM),  into  two  normal  and  two  reversal  zones- 
For  the  isotopic  ages  listed  in  Fig.  1  we  only 
include  those  from  the  type  regions  of  respective 
series,  the  Cisuralian  in  the  Urals,  the  CapitaniaP 
in  the  Guadalupian,  and  the  Lopingian  in  South 
China  and  thus,  have  not  been  statistically 
‘normalised’. 

Major  sequence  stratigraphic  boundaries.  Ross  &- 
Ross  (1987),  based  on  data  from  North  America 
and  Russia,  referred  the  Permian  sequences  to  & 
single  second  order  cycle,  the  Transpecos  Super- 
cycle,  consisting  of  about  twenty-three  third  order 


PROSPECTS  FOR  GLOBAL  CORRELATION  OF  PERMIAN  SEQUENCES 


75 


Fig.  I.  The  first  order  of  tie  points  for  global  Permian  correlation.  Names  of  chronostratigrapliic  units,  the  basal 
conodont  zone  of  each  unit,  magnetostratigraphic  sequence  and  isotopic  age  are  adopted  from  Jin  et  al.  (1997)  and 
the  sea  level  change  curves  from  Ross  &  Ross  (1994),  with  modification.  The  stratigraphic  sequences  integrated 
the  data  from  the  type  area  of  each  series:  SB1,  SB2,  type  1  and  type  2  sequence  boundary  of  the  second  order; 
solid  bar,  the  level  of  maximum  sea  flooding;  fine  bar,  sequence  boundary  of  the  third  order. 


cycles.  The  eustatic  curve  drawn  out  by  Holser  & 
Magaritz  (1987)  based  on  an  analysis  of  68  major 
depositional  basins  shows  three  major  regressions 
respectively  in  the  Late  Artinskian,  cnd-Guada- 
lupian  and  cnd-Taiarian.  The  Permian  sequence  of 
South  China  comprises  two  major  regressions, 
which  reached  their  acme  respectively  at  the 
end  of  the  Artinskian  ( Pamirina  zone),  and  the 
end  of  the  Guadalupian  (J.  granti  Zone).  The 
unconformities  caused  by  these  regressions  are 
significantly  greater  than  others,  and  therefore,  can 
be  regarded  as  anchor  points  of  correlation.  In 
addition,  the  prominent  erosional  contact  between 


the  Leonardian  and  the  Guadalupian  beds  represents 
a  major  type  1  sequence  boundary,  above  which 
were  deposited  carbonate  megabreccias  and  shale 
of  the  Cutoff  Formation  in  SW  USA.  This  boundary 
surface  is  correlative  to  that  between  the  Chihsian 
and  the  Maokouan  in  South  China,  and  the  Ufimian 
continental  deposits  in  the  Urals  (Ross  1995). 

Chemostraiigraphic  signals.  A  survey  on  the 
general  trend  for  the  change  of  isotopic  values 
of  sulfate,  strontium  and  carbon  from  the 
Carboniferous  to  the  Jurassic  (Schollc  1995)  shows 
that  superior  chemostratigraphic  signals  have  a 


76 


JIN  YUGAN,  WANG  WEI,  WANG  YUE  AND  CAI  CHANGQUAN 


great  potential  in  the  international  correlation. 
Two  high  peaks  of  carbon  isotopic  excursion  are 
distinguished,  which  appear  respectively  in  the 
Wuchiapingian  Stage  and  the  Early  Kungurian 
Stage,  and  coincide  respectively  with  the  dramatic 
declines  of  strontium  values,  and  the  minimum 
value  of  strontium  and  sulfur.  Recently,  a  rapid 
declination  of  strontium  values  was  found  at  the 
continental  sequence  probably  corresponding  with 
the  Wuchiapingian,  and  a  sudden  drop  of  organic 
carbon  isotopic  value  occurs  around  the  P-T 
boundary  in  Australia  (Morante  1996).  A  profile 
integrating  the  data  of  carbon  isotopic  values  from 
a  few  sections  of  South  China  indicates  again  the 
significant  changes,  those  are  two  low  values 
respectively  around  the  Guadalupian-Lopingian  and 
the  P-T  boundaries,  the  peaks  around  the  early 
Kungurian,  the  Wordian  and  the  Wuchiapingian 
Stage. 

THE  ROAD1AN  STAGE  VERSUS 
THE  KUBERGANDINIAN  STAGE 

At  present,  improving  the  correlation  of  the 
Permian  within  the  Palaeocquatorial  realms  is 
particularly  pressing  since  we  should  integrate  the 
Kungurian  sequences  in  SW  USA  and  Tethys  into 
a  standard  succession  that  would  be  internationally 
acceptable.  Moreover,  the  corresponding  level  of 
the  base  of  the  Guadalupian  in  Tcthyan  areas  has 
not  been  determined. 

The  Roadian  has  long  been  referred  to  as  an 
equivalent  of  the  Kubergandinian  of  the  Tcthyan 
areas,  because  the  Roadian  ammonoid  fauna  is  said 
to  be  found  from  the  Cancellina  Zone  in  Pamir 
(Bogoslovskaya  et  al.  1994).  Based  on  a  fact  that 
the  lowest  level  of  J.  nankingensis  presently  known 
is  the  Praesumatrina  neoschwagerinoides  Zone  in 
South  China,  however,  this  stage  is  correlated  to 
the  Murgabian  Stage,  and  thus,  is  referred  as  a 
stage  above  the  Kubergadinian  Stage  in  the  Permian 
scheme  proposed  by  Jin  et  al.  (1994). 

The  Roadian  Stage  of  the  Guadalupian  Scries  is 
proposed  to  be  indicated  by  the  first  appearance 
of  Jinogondolella  nankingensis  within  an  evo¬ 
lutionary  clinc  from  Mesogondolella  idahoensis 
to  J.  nankingensis  in  the  El  Centro  Member  of 
the  Cutoff  Formation  (Glenister  et  al.  1992). 
Proposed  initial  boundaries  of  the  Wordian  and 
the  Capitanian  Stage  are  respectively  indicated  by 
the  first  appearance  of  J.  aserraia  within  the 
Gateway  Limestone  Member  of  the  Brushy  Canyon 
Formation  and  that  of  J.  postserrata  within  the 
Pinery  Member  of  the  Bell  Canyon  Formation. 
Beneath  the  basal  Guadalupian  arc  the  Hessian 
(Ross  1986)  and  the  Cathedralian  Stages  (Ross  & 


Ross  1987).  Five  conodont  zones  are  recognised 
in  their  type  area.  The  Mesogondolella  gujiaoensis- 
N.  exculptus  Zone  near  the  base  of  the  Hessian 
contains  N.  pnevi  and  other  conodonts  that  should 
permit  precise  correlation  to  N.  pnevi  Zone  in  the 
Urals. 

The  Kubergandinian  Stage  with  reference  section 
along  the  right  bank  of  the  Kubergandinian  River 
in  southeastern  Pamir,  was  redefined  by  Leven 
in  1979  to  include  the  Armenia  and  Cancellina 
Genozonc,  when  he  named  the  underlying  Bolorian 
Stage  to  include  the  Misellina  Genozone  with  the 
stratotype  located  along  the  divides  between  the 
Tschalidala.  Kundara  and  Zidadara  rivers  in  south¬ 
western  Darvase.  Their  equivalents  in  SW  USA 
cannot  be  determined  since  the  indicative  fusulinid 
genera  are  restricted  to  the  Tethyan  areas,  and  the 
corresponding  succession  of  conodont  zones  in  their 
type  sections  have  not  been  recognised  yet. 

Conveniently,  Kungurian  and  Guadalupian 
sequences  were  well  documented  by  the  fine 
zonation  of  the  fusulinids  (Zhu  &  Zhang  1994) 
and  the  conodonts  (Wang  Z.-H.  1994)  in  South 
China.  The  successive  appearance  of  the  Kungurian 
and  Guadalupian  leading  species  of  conodont  zones 
can  be  intercorrelated  one  by  one  between  the 
slope  sequences  in  the  Loudian  Section  of  South 
China  (Wang  Z-H.  1994:  text-fig.  1)  and  the  type 
section  of  SW  USA  (Wardlaw  1996).  As  illustrated 
in  Fig.  2,  the  base  of  the  N.  exculptus  Zone  is 
within  the  Pamirina  Zone  and  therefore,  the  basal 
boundary  of  the  Kungurian  Series  could  be  lower 
than  that  of  the  Bolorian  Stage  (Zhu  &  Zhang 
1994).  It  was  followed  by  the  Mesogodolella 
gujioensis-M.  intermedia,  M.  idahoensis  and  then 
Jinogondolella  nankingensis  in  both  sections.  But, 
there  is  an  interval  with  a  dominance  of  a  shallow 
water  conodont  fauna,  such  as  Sweetognathus  sub- 
symmetricus  and  Sw.  luingzhongensis  between  the 
M.  idahoensis  Zone  and  the  J.  nankingensis  Zone. 
It  remains  an  open  question  whether  the  Sweet¬ 
ognathus  subsymmetricus  Zone  is  a  counterpart 
of  the  upper  M.  idahoensis  Zone  or  the  lower 
J.  nankingensis  Zone  in  SW  USA.  Presuming 
that  the  Sw.  subsymmetricus  Zone  corresponds  to 
the  lower  part  of  the  type  J.  nankingensis  Zone, 
the  associated  fusulinids  will  belong  to  the 
Praesumatrina  neoschwagerinoides  Zone,  but  arc 
higher  than  the  Cancellina  dutkevitchi  Zone  of 
Kubergandinian.  This  is  further  supported  by  the 
fact  that  the  lowest  level  of  J.  nankingensis  is 
the  P.  multiseptata  Zone  in  the  Lower  Yangtze 
areas. 

In  its  type  area,  the  lower  part  of  the  Roadian 
formation  contains  relatively  primitive  species 
of  fusulinacean  Parafusulina  and  species  of  the 
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Luodian,  S.  China 
(Zhu  Z.-L  el  al.,  1994) 


W.  Texas 
(Wardlaw,  1996) 


Fig.  2.  Correlation  of  the 
successions  of  conodont 
zones  in  South  China  and 
SWUSA. 


ammonoid  Perrinitcs,  typical  of  the  Leonardian.  Waagenoceras,  typical  of  the  Guadalupian  Series. 
The  succeeding  middle  and  upper  parts  have  There  is  a  major  unconformity  which  separates  the 
advanced  Parafusulina  and  the  ammonoids  lower  part  from  the  rest  parts  of  the  Roadian 
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Formation  (Ross  1995).  Consequently,  it  cannot 
be  excluded  at  present  that  the  lowstand  deposits 
with  shallow  water  conodont  fauna,  i.e.  the 
Sweetognathus  subsymmetricus  Zone  in  South 
China  corresponds  to  the  dcpositional  gap  within 
the  Roadian  Formation  in  West  Texas. 

Probably,  the  ‘Roadian  ammonoids’  have  to  be 
redefined  with  the  new  definition  of  the  Roadian 
Stage.  The  range-chart  of  Permian  ammonoids  in 
West  Texas  (Wardlaw  1996)  shows  that  the  most 
characterised  ammonoid  genus  Waagenoceras  com¬ 
menced  firstly  from  the  Willis  Ranch  Formation, 
and  the  other  ammonoid  genera  confined  in  the 
middle  and  upper  parts  of  the  Roadian  Formation 
include  Paraceltites ,  Epithalassoceras,  Taurocercis, 
Altudoceras,  Texoceras,  etc.  General  surveys  on 
the  Permian  ammonoids  shows  that  Daubichiles 
is  widespread  and  is  confined  to  the  Roadian 
Stage  (Nassichuk  1995;  Zhou  el  al.  1997).  In 
South  China,  Daubichiles  was  reported  from  the 
Tingchiashan  Formation,  which  is  definitely  the 
Kuhfengian  in  age  (Zhao  &  Zheng  1977). 

AN  EVOLUTIONARY  STASIS  OR  A 

LONG-TERM  DEPOSITIONAL  GAP? 

The  uppermost  part  of  the  Permian  used  to  be 
referred  to  as  a  subseries,  the  Tatarian  in  the 
traditional  standard  succession.  Based  on  Permian 
marine  succession,  this  part  has  been  formally 
named  as  the  Lopingian  (Huang  1932),  the 
Dzhulfian  (Furnish  1973),  the  Transcaucasian  or 
the  Yichangian  (Waterhouse  1982)  and  others. 
The  Lopingian  Series  has  been  proposed  formally 
as  an  international  standard  for  this  series  since 
recent  studies  prove  that  the  Lopingian  Scries  is 
not  only  a  name  proposed  relatively  early,  but  also 
represented  by  fully  developed  marine  sequence 
with  highly  diverse  faunas  in  South  China  (Jin 
et  al.  1994).  This  series  is  subdivided  into  the 
Wuchiapingian  and  Changhsingian  Stage,  of  which 
each  contains  two  substages. 

The  proposed  lower  boundary  of  the  Lopingian 
Series  is  delineated  at  the  base  of  Clarkina 
postbitteri  Zone  of  the  Laibinian  Substage  in  the 
Penglaitang  Section,  Laibin  County  of  Guangxi. 
In  Iran  and  the  Transcaucasus,  the  succession  of 
Laibinian  is  included  in  the  Araxilevis  Bed.  A  major 
unconformity  corresponding  with  the  pre-Lopingian 
global  custatic  fall  is  not  only  marked  by  distinct 
lithological  change  but  also  by  the  occurrence  of 
gypsiferous  shale  beds  in  the  Jolfa  Section  of 
Iran.  Before  the  Araxilevis  fauna  of  the  earliest 
Lopingian  emerged,  there  was  a  long  interval  in 
which  only  a  disaster  fauna,  the  Codonofusiella- 


Rechelina  fusulinid  assemblage  persisted.  The 
Guadalupian-Lopingian  transitional  sequence  is 
commonly  composed  of  sediments  of  rather  shallow 
and  restricted  environments  and  contains  almost 
no  macrofossils  and  hence,  cannot  be  documented 
as  a  potential  stratotype  so  far  (Golshani  et  al. 
1996). 

For  the  Lopingian  sequences  without  Tethyan 
marine  fossils  however,  it  is  hardly  possible  to 
correlate  them  by  standard  Tethyan  successions 
except  of  that  the  Cyclolobus  fauna  has  been 
documented  by  ammonoids  experts  as  a  reliable 
mark  of  the  Wuchiapingian  (Dzhulfian)  age. 
Though  it  has  been  suspected  as  ‘Middle  Permian’ 
by  others  (Grant  &  Cooper  1973;  Waterhouse 
1976),  increasing  evidence  from  the  Salt  Range 
enable  us  to  define  the  stratigraphic  range  of  the 
Cyclolobus  fauna  as  the  Late  Wuchiapingian 
and  Changhsingian.  This  fauna  occurs  in  the 
Kalabagh  Member  of  the  Wargal  Formation  with 
late  Wuchiapingian  conodont  Clarkina  orienialis 
and  the  overlying  Chhidru  Formation.  The  early 
Wuchiapingian  conodont  Clarkina  asymmetrica  was 
found  from  the  underlying  upper  Wargal  Formation 
but  the  specimens  of  that  species  was  assigned  to 
Mesogondolella  leveni  in  previous  work  (Wardlaw 
&  Pogue  1995). 

The  conodonts  from  peri-Pangean  sequences  of 
the  late  Permian  generally  show  a  low  diversity 
of  cool  water  faunas,  and  used  to  be  dated  as 
late  Guadalupian  in  age,  including  the  conodonts 
from  the  topmost  Permian,  regardless  being  of 
it  succeeded  by  earliest  Triassic  ammonoid 
and  conodont  faunas.  The  gondolcllids  used  to 
be  referred  to  Neogondolella  phosphoriaensis  or 
Neogondolella  rosenkrantzi .  Wardlaw  (1995)  has 
considered  these  two  species  as  synonymous,  but 
recently  found  an  evolutionary  lineage  from 
N.  phosphoriaensis  of  the  pre-Wordian  to 
N.  rosenkrantzi  of  the  Lopingian  despite  that  the 
morphological  differentiation  is  trivial  (Wardlaw 
1997,  pers.  comm.). 

In  the  Selong  Section  of  southern  Tibet,  China, 
the  conodonts  from  the  Waagenites  Bed,  beneath 
the  Otoceras  Bed  with  Hindeodus  parvus ,  comprise 
Neogondolella  aff.  phosphoriaensis ,  and  Clarkina 
aff.  changxingensis  (Jin  et  al.  1996).  Nearly 
identical  conodonts  from  the  Pcrmian-Triassic 
boundary  sequences  were  also  found  elsewhere, 
but  none  were  dated  as  post-Wordian  in  age.  There¬ 
fore,  a  dcpositional  gap  spanning  the  Capitanian 
to  Changhsingian  was  suggested.  The  close  relation 
between  the  conodont  faunas  below  and  above  the 
‘Gap’  indicates  that  it  is  most  unlikely.  It  sounds 
more  reasonable  to  refer  the  Waagniles  Bed  to  the 
latest  Lopingian. 
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Fig.  3.  Correlation  of  Lopingian  fossil  zones  in  Tethyan  areas  and  Pangcan  shelves. 


The  brachiopods  and  corals  from  the  top  part 
of  the  pcri-Pangean  sequences  of  the  Permian 
usually  show  a  pre-Lopingian  aspect.  Even  the  age 
of  benthic  faunas  from  the  Kalabagh  Member  of 
the  Wargal  Formation  and  the  Chiddru  Formation 
were  previously  regarded  as  the  Guadalupian  which 
contain  a  significant  amount  of  Tethyan  forms 
(Grant  &  Cooper  1973).  They  have  not  been 
recognised  previously  as  a  distinct  assemblage  of 
younger  age,  probably  because  these  fossil  groups 
lack  diagnostic  forms  of  the  Lopingian.  The 
brachiopods  from  the  Permian-Triassic  boundary 
beds  were  often  regarded  as  reworked  associations 
of  pre-Lopingian  faunas  although  the  taphonomic 
evidence  do  not  support  such  an  assumption. 
Similar  faunas  were  found  all  over  globe,  both  in 
Tethyan  and  the  peri-Pangean  sequences,  including 


the  Hogup  Mountains  of  Utah,  USA  (Wardlaw  & 
Mei  1997,  pers.  comm.).  There  is  no  question 
that  these  faunas  represent  the  late  survivors  that 
somehow  survived  the  earliest  step  of  the  end- 
Changhsingian  catastrophe. 

Long-standing  interpretation  has  suggested  an 
interruption  in  deposition  of  more  than  ten  million 
years  over  vast  peri-Pangean  shelves,  even  though 
the  physical  evidence  of  regional  truncation  is 
not  evident.  We  suggested  that  the  conventional 
biostratigraphic  estimation  of  the  duration  of  a 
depositional  gap  between  the  Permian  and  the 
Triassic  carbonate  facies  appears  to  be  overly  long, 
too  widespread,  and  in  need  of  re-evaluation.  We 
interpret  slow,  yet  generally  continuous  deposition 
across  the  P-T  boundary,  and  an  evolutionary  stasis 
of  marine  faunas  over  peri-Pangean  shelves. 
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NORTH-SOUTH  CORRELATION  OF  THE 
PERMIAN 

The  north-south  correlation  of  Permian  chrono- 
stratigraphic  successions  has  been  a  difficult  prob¬ 
lem  for  Permian  biostratigraphcrs  and  especially 
so  for  the  correlation  of  Permian  successions 
above  the  Artinskian  Stage  because  of  the  strong 
latitudinal  differentiation  of  biogeographic  realms. 
Recent  progress  in  the  isotopic  age  of  the  Permian 
in  eastern  Australia  and  the  Urals  may  prompt 
researchers  to  rethink  some  long-held  views  about 
correlation  between  the  middle  and  upper  parts  of 
the  Permian  in  the  Urals  and  Australia  (Roberts 
1991;  Roberts  et  al.  1996;  Chuvashov  el  al.  1996). 
New  isotopic  dating  results  from  ash  beds  in  the 
Guadalupian  of  SW  USA  and  the  Lopingian 
sequences  of  South  China  have  made  a  time 
framework  for  the  upper  Permian  possible. 

Among  isotopic  age  reported  for  eastern 
Australia,  that  of  the  bentonite  within  the  Mulbring 
Siltstone  is  particularly  interesting.  It  was  dated 
as  264.1  ±2.2  Ma.  The  Mulbring  Siltstone  is 
commonly  referred  to  the  Ufimian  in  the  time 
scale  of  the  Permian  in  Australia  (Archbold  et  al. 
1991).  The  regression  reflected  by  sedimentation 
of  conglomerate  and  sandstone  of  the  underlying 
Muree  Sandstone  is  regarded  as  a  vety  important 
episode  which  may  be  coeval  with  the  Middle 
Ufimian  regression  of  the  Northern  Hemisphere 
(Chuvashov  et  al.  1996).  The  microfloras  from 
the  overlying  Wittingham  Coal  Measure-the 
Tomago  Coal  Measure  are  assigned  to  the 
palynozones  AAP4  and  AAP5  of  Price  (in  Draper 
et  al.  1990),  which  are  assumed  to  be,  respectively, 
Ufimian  and  Kazanian-Dzhulfian  in  age.  Based 
on  the  correlation  mentioned  above,  an  age  of 
264.1  ±2.2  Ma  is  referred  for  the  Ufimian  Stage. 

A  magnetostratigraphic  study  locates  the  top  of 
the  Carboniferous-Permian  Reverse  Superchrone 
(CPRS)  in  the  lower  part  of  the  Wittingham  Coal 
Measure  in  Northwestern  Sydney  Basin  (Theveniaut 
et  al.  1994).  Since  the  upper  part  of  the  succession 
of  mixed  polarity  in  the  Wittingham  Coal  Measures 
is  assigned  to  the  interval  Kazanian-Dzhulfian, 
a  probable  Ufimian  age  is  given  to  the  level 
corresponding  with  the  top  of  the  Carboniferous- 
Permian  Reverse  Superchrone  (CPRS),  or  the 
Illawarra  Reversal  (IR). 

Meanwhile,  the  magnetostratigraphic  and  isotopic 
age  data  automatically  suggest  an  alternative  cor¬ 
relation  for  the  Mulbring  Siltstone  and  the  lower 
part  of  the  Wittingham  Coal  Measure  in  eastern 
Australia,  that  is,  Late  Guadalupian  or  Early 
Tatarian  age  (Jin  &  Menning  1996).  The  Pb/U 
zircon  age  of  264.1  ±2.2  Ma  and  the  mixed 


polarised  Wittingham  Coal  Measure  might  be 
reliable  results.  The  IR  has  been  well  documented 
as  a  consistent  level  in  the  lower  part  of  the 
Tatarian  in  the  Urals.  It  also  has  been  located 
in  the  Wargal  Formation  of  Capitanian  (the 
Neoschwagerina  margaritae  Zone)  in  the  Salt 
Range  (Haag  &  Heller  1991),  the  uppermost  part 
of  the  Maokou  Formation  of  the  Capitanian  (the 
Yabeina  Zone)  in  South  China  (Heller  et  al.  1995). 
The  age  of  264. 1  ±  2.2  Ma  also  suggests  an 
assignment  of  Late  Guadalupian  since  it  agrees 
with  the  age  of  bentonites  from  the  uppermost 
Wordian  in  the  Guadalupe  Mountains,  that  is 
265.3  ±0.2  Ma  (Bowring  el  al.  1998). 

Additional  radiometric  ages  from  eastern 
Australia,  272.2  ±  3.2  Ma  for  the  base  of  the 
Kungurian  (Chuvashov  et  al.  1996)  may  be  re¬ 
interpreted  as  the  Roadian  Stage.  The  ‘Kungurian’ 
rocks  in  western  Australia  are  characterised 
by  occurrence  of  the  species  of  Daubicliites, 
Agathiceras  and  Paragastrioceras.  These  genera  are 
usually  regarded  as  the  distinctive  elements  of 
Roadian  ammonoid  fauna  in  SW  USA  and  other 
areas  (Nassichuk  1995;  Wardlaw  1996;  Zhou  et  al. 
1996).  Shifting  the  Permian  strata  of  Australian 
to  a  younger  chronostratigraphic  stage  is  further 
supported  by  the  age  253.4  ±  3.2  Ma  for  the 
Kazanian  bentonite  bed  in  eastern  Australia, 
since  it  is  fairly  close  to  the  SHRIMP  age  of  the 
Permian-Triassic  boundary  in  the  Meishan  Section 
of  South  China,  i.e.  251.2  ±3.4  Ma  (Claou6-Long 
et  al.  1991). 

The  apparent  discrepancy  between  the  chrono¬ 
stratigraphic  assignment  of  the  isotopic  age  for 
Eastern  Australia  (Roberts  1991;  Roberts  et  al. 
1996;  Chuvashov  et  al.  1996)  and  the  possible 
alternative  interpretation,  as  well  as  that  of  the 
IR  to  the  Ufimian  in  eastern  Australia  (Theveniaut 
et  al.  1994)  and  to  the  Late  Guadalupian  in  other 
areas,  resulted  from  the  conventional  North-South 
correlation  of  the  Permian  chronostratigraphic  sub¬ 
divisions.  This  correlation  appears  to  be  in  need 
of  major  revision  based  on  the  reliable  data  of 
magnetostratigraphy  and  isotopic  dating.  Almost 
all  Permian  biota  in  eastern  Australia  cannot  be 
used  to  correlate  with  type  Russian  Permian 
(Roberts  et  al.  1996).  The  ammonoids  should 
be  regarded  as  an  exceptional  group.  However, 
the  stratigraphic  range  of  ammonoid  faunas  in 
Australia  suggests  an  age  younger  than  the 
conventional  dating.  The  genus  Uraloceras  from 
eastern  Australia  used  to  be  referred  as  the 
Artinskian  in  age  but  in  the  type  area,  the 
Uraloceras  federowi  fauna  has  been  largely 
considered  as  the  Kungurian  (Chuvashov  1995). 
As  mentioned  in  the  preceding  paragraph,  the 
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Fig.  4.  Possible  correlation  of  Permian  sequences  in  eastern  Australia  in  terms  of  isotopic  age.  The  correlation 
chart  between  lithostratigraphic  sequences  and  the  traditional  chronostratigraphic  scheme  are  adopted  from  Roberts 
et  al.  (1995).  The  integrated  chronostratigraphic  scheme  (Jin  et  al.  1997)  on  the  right  hand  side  suggests  an 
assignment  to  younger  stages.  SHRIMP  zircon  dates  indicated  by  solid  horizontal  line  with  error  bars. 


Daubichites  fauna  in  western  Australia  is  likely 
the  Roadian  rather  than  the  Kungurian  in  age. 

CONCLUSIONS 

The  existing  disparities  in  correlation  between  key 
levels  of  Permian  sequences  imply  that  we  arc 
confronted  with  a  strong  challenge  in  achieving 
agreement.  It  also  means  a  global  correlation  of 
high  resolution  is  urgently  demanded.  As  an 
interpretation  about  time-relations  for  the  Permian 
world  wide,  correlation  is  permitted  variation 
according  to  various  authors.  However,  as  has 
been  emphasised,  Permian  correlation  must  con¬ 
tinuously  evolve  in  keeping  with  the  growth  of 
stratigraphic  data  and,  more  substantial  contri¬ 
butions  in  improving  the  international  correlation 
are  expected. 
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Marine  Permian  sequences  of  the  onshore  Perth,  Carnarvon,  Canning  and  Bonaparte  Basins 
have  traditionally  been  correlated  with  Uralian,  Tethyan  and  other  sequences  by  means  of 
invertebrate  faunas.  Marine  benthonic  invertebrate  assemblages  are  ideal  for  using  as  precise 
zone  indicators.  Brachiopods  in  particular  evolved  rapidly,  were  characterised  by  short-lived 
species  and  yet  were  abundant  in  the  Western  Australian  marine  Permian.  An  integrated 
sequence  of  the  eighteen  brachiopod  zones  ranging  in  age  from  the  Early  Permian  (Asselian) 
to  high  in  the  late  Permian  (Djhulfian)  occurs  in  Western  Australia.  The  most  complete  sequence 
of  zones,  in  superpositions!  relationships,  is  to  be  found  in  the  Carnarvon  Basin  against  which 
the  recognised  zones  for  the  Perth,  Canning  and  Bonaparte  Basins  can  be  matched.  The  zones 
in  the  Perth  and  Carnarvon  Basins  have  been  integrated  with  palynological  data  and  hence 
provide  a  valuable  combined  technique  for  intrabasinal  and  global  correlations.  Such  combined 
techniques  for  correlation  are  all  the  more  important  for  the  Permian  Period  given  the  pronounced 
provincialism  of  most  faunas  and  floras.  The  new  brachiopod  zone,  the  Mingenewia  anomala 
Zone,  characterised  by  the  assemblage  of  the  Mingencw  Formation,  Perth  Basin,  is  proposed 
herein.  The  zone  adds  to  the  understanding  of  the  faunal  sequence  of  the  Permian  of  the 
Perth  Basin. 

Improved  time  control  results  in  refined  models  for  interpreting  patterns  of  Permian  oceanic 
surface  currents  and  their  relationships  to  the  faunas  of  the  Permian  basins  of  Western  Australia. 
Surface  current  patterns  appear  unlikely  to  be  able  to  explain  the  migration  patterns  of  cooler 
water  faunas  across  the  equatorial  regions  of  the  Permian  globe.  However,  deeper  water 
currents  (200-500  m)  crossing  the  Equator,  through  the  Tethyan  seas,  may  have  provided  a 
mechanism  for  short-lived  larval  stages  to  have  undertaken  trans-equatorial  migration  and 
hence,  in  turn,  explain  the  bipolarity  of  Permian  invertebrate  genera. 


RECENTLY  the  Permian  Subcommission  of  the 
International  Commission  on  Stratigraphy  (Inter¬ 
national  Union  of  Geological  Science)  has  approved 
names  and  boundary  levels  for  series  and  stages 
of  the  Permian  System  based  on  marine  successions 
(Jin  et  al.  1997).  These  successions  are  located  re¬ 
spectively  in  the  Urals  (Lower  Permian,  Cisuralian 
Series,  including  the  Asselian,  Sakmarian, 
Artinskian  and  Kungurian  Stages),  southwest  USA 
(Middle  Permian,  Guadalupian  Series,  including 
Roadian,  Wordian  and  Capitanian  Stages)  and  South 
China  (Upper  Permian,  Lopingian  Series,  including 
the  Wuchiapingian  and  Changhsingian  Stages).  It 
is  of  note  that  in  this  new  scheme,  the  ‘Middle’ 
and  ‘Upper’  Permian  combined  constitute  a  shorter 
period  of  absolute  time  than  the  Lower  Permian 
which,  in  turn,  tends  to  argue  for  a  two-fold 
division  of  the  Permian  System  (the  classic  view) 
rather  than  a  three-fold  division  where  the  Middle 
Permian  is  merely  the  lower  Upper  in  real  terms 
(Archbold  &  Dickins  1997).  The  new  proposals 


of  the  Permian  Subcommission,  particularly  the 
precise  application  of  the  Roadian  to  Capitanian 
time  slice  (lower  Upper  Permian  as  used  herein) 
still  present  major  problems  for  Gondwanan  and 
Boreal  correlations  and  considerable  work  is  re¬ 
quired  to  resolve  these  (see  discussions  by  Archbold 
&  Dickins  1997  and  Waterhouse  1997).  For  the 
present  review  a  scheme  of  subdivisions  for  the 
Permian  utilising  the  classical  Uralian  stages,  with 
supplementary  Tethyan  and  south  Chinese  stages 
for  the  Late  Permian  is  applied  in  the  correlation 
tables. 

The  new  Permian  Subcommission  standard 
global  scheme  docs  not  make  correlations  easier 
for  the  vast  bulk  of  Gondwana  nor  much  of  the 
Arctic  Permian  in  Siberia  and  Canada  (Waterhouse 
1997).  In  the  new  scheme,  primacy  is  given  to 
marine  groups  such  as  fusulinid  foraminiferids, 
conodonts  and  ammonoids.  These  groups  are  absent 
in  most  Gondwanan  sequences.  In  terms  of 
Gondwanan  sequences  only  Western  Australian 
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Permian  sequences  include  a  significant  scattering 
of  ammonoids  (although  usually  only  known  from 
single  point  localities  and  often  very  few  speci¬ 
mens)  and  a  few,  mostly  endemic  conodonts.  These 
two  groups  provide  point  linkages  to  the  inter¬ 
national  scheme  adopted  herein  (as  developed  from 
such  studies  as  Archbold  &  Dickins  1991,  1996; 
Archbold  1993a).  However,  they  are  inadequate 
for  the  purposes  of  detailed  biostratigraphy,  which 
requires  a  succession  of  changing  bcnthonic  zones, 
in  sequence,  with  substantial  assemblages  of  species 
for  interbasinal  correlations.  It  is  of  considerable 
interest  that  of  all  the  ‘selected  fossil  zones’  for 
the  integrated  chronoslratigraphic  scheme  for  the 
Permian  System  regarded  by  Jin  et  al.  (1997:  11) 
only  one  zone  (the  Mesogondolella  idahoensis 
Zone)  may  be  present  in  Western  Australia  (Nicoll 
&  Metcalfe  1977),  but  even  that  zone  has  not  been 
precisely  matched  against  the  Western  Australian 
detailed,  in  sequence,  zones  based  on  brachiopod 
faunas  (Archbold  1993a). 

World  Permian  marine  faunas  demonstrate  pro¬ 
nounced  provincialism  (e.g.  see  Archbold  &  Shi 
1996).  Within  a  province,  precise  interbasinal  cor¬ 
relations  arc  possible  al  the  species  and  zonal  level. 
Between  provinces  species  may  be  distinct,  as  for 
brachiopods  between  the  Westralian  and  Austrazean 
Permian  Provinces  of  Australia  (Archbold  1996a). 
Hence  a  number  of  marine  groups  of  organisms 
may  be  required  for  precise  interprovincial 
correlations.  Some  provinces  by  their  nature  may 
be  transitional  or  intermediate  in  character  and 
hence  provide  faunal  assemblages  that  enable 
correlation  between  widely  separated  provinces. 
Such  is  the  case  of  the  Cimmerian  (or  peri- 
Gondwanan)  provincial  regions  which  permit  cor¬ 
relation  of  the  Westralian  faunas  with  those  of  the 
Tethyan  and  Uralian  Provinces.  Tropical  southwest 
USA  Permian  faunas,  in  the  sense  of  provincialism, 
are  analogous  to  the  coldest  water  Permian  faunas 
of  Tasmania  and  hence  represent  an  extreme 
variant  of  Permian  faunas  for  correlation  purposes 
(Archbold  &  Dickins  1997).  As  indicated  by 
Ganelin  et  al.  (1997:  33)  these  southwestern  North 
American  faunas  ate  biogeographically  isolated  and 
still  require  further  characterisation.  The  likelihood 
of  precise  matching  of  such  zoned  tropical  faunas 
and  their  boundaries  with  those  of  Gondwanan 
faunas  appears  remote  and  hence  severely  limits 
the  global  value  of  this  portion  of  the  proposed 
‘global’  scale. 


THE  MARINE  PERMIAN  OF 
WESTERN  AUSTRALIA 

Introduction 

Since  the  initial  proposal  of  the  Permian  System 
by  Roderick  Impey  Murchison  (1841a,  1841b, 
1841c)  and  the  full  documentation  of  the  system 
by  Murchison  and  his  colleagues  (1845),  the 
scope  and  subdivision  of  the  Permian  Period  has 
changed  dramatically.  The  Permian  System,  as 
originally  envisaged,  included  the  Kungurian, 
Ufimian,  Kazanian  and  Tatarian  stages  as  now  used 
in  modern  Russian  terminology  (see  Chuvashov 
1993;  Anfimov  et  al.  1993  for  recent  accounts  in 
English).  The  Permian  was  extended  downwards 
by  such  authors  as  Karpinsky  (1874),  Fredericks 
(1918)  and  Ruzhentsev  (1954)  to  include  the 
divisions  defined  as  the  Artinskian,  Sakmarian  and 
Assclian.  The  marine  Permian  sequences  of  the 
onshore  Western  Australian,  Perth,  Carnarvon, 
Canning  and  Bonaparte  Basins  (Figs  1,  2)  and  the 
basins  of  eastern  Australia  have  traditionally  been 
correlated  with  these  Uralian  stages  and,  more 
recently,  with  Tethyan  stages  for  the  Late  Permian, 
by  means  of  marine  macro-invertebrate  faunas. 


Western  Australian  marine  Permian  faunas 

Permian  marine  faunas  of  Western  Australia  are 
well  summarised  and  illustrated  in  the  edited 
volume  by  Skwarko  (1993)  which  also  provides 
extensive  bibliographies  on  the  earlier  work  on  the 
marine  faunas,  palynofloras  and  stratigraphy  of  the 
Western  Australian  Basins.  Ongoing  work  has  con¬ 
tinued  on  foraminiferids  (Palmicri  1994),  bivalve 
and  gastropod  molluscs  (Archbold  et  al.  1996), 
brachiopods  (Archbold  1993a,  1993b,  1995a, 

1995b,  1996a,  1996b,  1998;  Archbold  &  Shi  1993; 
Archbold  &  Thomas  1993),  cchinodcrms  (Webster 
1990;  Webster  &  Jell  1992),  conodonts  (Nicoll  & 
Metcalfe  1997)  and  palynofloras  (Backhouse  1991, 
1993;  Mory  &  Backhouse  1997).  The  first  detailed 
attempt  at  a  biostratigraphical  zonation  of  the 
Western  Australian  Permian  was  that  by  Dickins 
(1963)  who  recognised  six  faunal  stages  (informally 
named  Oppel-zones)  based  primarily  on  the  strati- 
graphical  distribution  of  bivalve  and  gastropod 
taxa  in  the  Perth,  Carnarvon  and  Canning  Basins. 


Fig.  1 .  Onshore  Permian  marine  basins  of  Western  Australia. 
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Subsequently,  Archbold  (1988a,  1993a,  1993b, 

1995a,  1998)  has  developed  a  scheme  of  eighteen 
brachiopod  Oppel  or  Assemblage  zones,  each 


named  on  the  basis  of  a  particularly  characteristic 
species,  for  the  Western  Australian  marine  Permian 
(Fig.  3).  This  series  of  zones  is  best  developed  in 
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Fig.  2.  Summary  stratigraphy  of  the  onshore  Permian  marine  basins  and  the  proposed  international  correlations. 


Fig.  3.  Summary  marine  correlation  scheme  showing  brachiopod  zones,  faunal  stages  (from  Dickins  1963)  and 
international  correlations. 
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the  sequences  of  the  Carnarvon  Basin  although 
important  additional  zones  are  present  in  the  Perth 
and  Canning  Basin  sequences.  Brachiopods  are 
highly  useful  as  zonal  indicators;  they  evolved 
rapidly,  species  were  invariably  short-lived  and 
they  were  abundant,  usually  dominating  bcnthonic 
assemblages.  Species  often  occur  in  several  of  the 
Western  Australian  basins  and  hence  are  valuable 
for  interbasinal  correlations.  Onshore  or  offshore 
drill  core  can  also  yield  abundant  specimens  which 
in  turn  can  be  valuable  for  age  control  (Archbold 
1988b,  1995a,  1995b).  Molluscan  data,  consisting 
of  ammonoid,  gastropod  and  bivalve  species, 
provides  significant  support  for  the  brachiopod 
scheme.  The  Western  Australian  marine  zonation 
scheme  is  comparable  to  that  developed  for  the 
Russian  Kolyma-Omolon  biogeographical  Province 
of  the  Boreal  Realm  (Kashik  et  al.  1990)  in  terms 
of  the  use  of  ammonoids,  bivalves  and  gastropods. 

Al  least  two  other  palaeontological  approaches 
are  also  highly  significant  for  interbasinal  cor¬ 
relations.  Palynological  zonation  schemes  have  long 
held  primacy  in  their  application  to  subsurface 
correlations  in  Western  Australia  (see  Mory  & 
Backhouse  1997  for  a  brief  review  of  the  develop¬ 
ment  of  the  palynological  zonation  schemes).  How¬ 
ever,  international  palynological  correlations  are  not 
widely  established  for  the  bulk  of  the  Permian  of 
Australia,  although  considerable  potential  exists  for 
latest  Permian  correlations  (Foster  &  Jones  1994). 
Ages  assigned  largely  rely  on  marine  macrofossil 
data. 

Detailed  foraminiferal  zonation  schemes  also 
offer  considerable  potential  for  correlation  purposes 
and  recent  work  has  indicated  not  only  their  value 
for  zonation  purposes  (Palmicri  1990,  1994;  Draper 
et  al.  1990)  but  also  their  potential  for  international 
correlation  (Palmieri  et  al.  1994).  Nevertheless, 
despite  records  of  key  species  from  Western 
Australian  lithostratigraphic  units  (Palmieri  1994; 
Palmieri  et  al.  1994)  such  records  must,  in  turn, 
be  related  to  the  palynological  data  and  marine 
macrofossil  data  (as  in  Palmicri  et  al.  1994  for 
the  Bowen  Basin,  Queensland).  However  the  data 
provided  by  Palmieri  at  al.  (1994)  proposing  a 
Kazanian  age  for  part  of  the  subsurface  Lightjack 
Formation  (Canning  Basin)  are  less  well  supported 
because  outcrop  Lightjack  Formation  has  yielded 
the  diagnostic  ammonoid  Daubichites  (see  Glenister 
et  al.  1993)  and  brachiopods  that  indicate  a  signi¬ 
ficant  turnover  of  species  and  even  genera  and 
hence  maybe  taken  to  indicate  an  Ufimian  age. 

Each  onshore  west  Australian  basin  with  marine 
Permian  sequences  is  reviewed  below  in  terms 
of  the  brachiopod  zonation  scheme  and  key 
species  of  other  marine  groups  for  international 


correlations.  The  sequence  of  brachiopod  zones  is 
provided  in  Fig.  3  and  the  lithostraligraphical  units 
in  which  the  zones  are  to  be  found  arc  indicated 
below. 


PERTH  BASIN 

The  Perth  Basin  Permian  outcrops  of  the  Irwin 
River  area  have  yielded  important  data  for  the 
Early  Permian  (Sakmarian-Artinskian)  zonation 
scheme  and  correlations.  Key  ammonoid  species 
indicate  that  a  Sakmarian  sequence  is  well 
represented  in  the  Holnnvood  Shale  and  the  Fossil 
Cliff  Formation  (Leonova  1997).  Brachiopod  data 
indicate  a  Late  Sakmarian  (Slerlitamakian)  age 
for  the  Strophalosia  invinensis  Zone,  the  oldest 
brachiopod  zone  yet  recognised  in  the  Perth  Basin 
sequences.  Correlation  of  this  zone  with  the 
Carnarvon  Basin  (lower  Callytharra  formation  scn.su 
Mory  &  Backhouse  1997)  and  the  Canning  Basin 
(Cuncudgerie  Sandstone,  southern  Canning  Basin 
and  the  Nura  Nura  Member  of  the  Poole  Sandstone, 
Fitzroy  Trough)  is  firmly  indicated  by  shared 
brachiopod  species.  Both  of  these  basins  have 
yielded  Slerlitamakian  ammonoids. 

From  the  Strophalosia  invinensis  Zone  of  the 
Fossil  Cliff  Formation  (at  times  considered  to  be 
the  uppermost  member  of  the  Holmwood  Shale) 
the  following  brachiopods  have  been  described; 
Strophalosia  invinensis  Coleman,  Neochonetes 
(Sommeriella)  prattii  (Davidson),  Etherilosia 
etheridgei  (Prcndcrgast),  Aulosteges  baracoodensis 
Etheridge,  Aulosteges  spirtosus  Hosking,  Taeniot- 
haerus  invinensis  Coleman,  Callytharrella  cally- 
tliarrensis  (Prcndergast),  Coslatumulus  invinensis 
(Archbold),  Stenoscisma  sp.,  Globiella  foordi 
(Etheridge).  Neospirifer  hardmani  (Foord),  Trigon- 
otreta  neoaustralis  Archbold  &  Thomas,  Elivina 
hoskingae  Archbold  &  Thomas,  ICyrtella  sp„ 
Spirelytha  fredericksi  Archbold  &  Thomas,  Pliri- 
codothyris  occidentalis  Archbold  &  Thomas, 
Tomiopsis  woodwardi  Archbold  &  Thomas, 
Cleiothyridina  baracoodensis  Etheridge  and 
Fletcherithyris  sp.  cf.  F.  hardmani  Campbell. 

The  Neochonetes  ( Sommeriella )  magnus  Zone 
from  the  basal  High  Cliff  Sandstone  of  Woolaga 
Creek,  although  clearly  younger  than  the  Fossil 
Cliff  Formation  on  the  basis  of  superpositional 
relationships,  is  less  well  constrained  for  the 
purposes  of  international  correlation  purpose.  Data 
has  been  presented  elsewhere  (Archbold  1998) 
indicating  that  on  evolutionary  grounds,  the 
fauna  is  younger  than  that  of  the  Jimba  Jimba 
Calcarenite  (Carnarvon  Basin,  upper  Callytharra 
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Formation  sensu  Mory  &  Backhouse  1997)  but 
older  than  the  fauna  of  the  Coyric-Madeline 
Formations  of  the  basal  Byro  Group  of  the 
Carnarvon  Basin.  Brachiopods  from  the  N.  (S.) 
magnus  Zone  that  have  been  described  include: 
Streptorhynchus  sp.,  Neochonetes  (Somtneriella) 
magnus  Archbold,  Chonetinella  sp.,  strophalosiid 
sp.,  Aulosteges  ingens  Hosking,  Taeniothaerus 
quadraliformis  Archbold,  Coslatumulus  occidentalis 
Archbold,  Neospirifer  (Quadrospira)  woolagensis 
Archbold,  Occidalia  shahi  Archbold,  Woolagia 
playfordi  Archbold,  ICyrtella  sp.,  Tomiopsis  rarus 
Archbold  &  Thomas,  Cleiothyridina  pertliensis 
Archbold,  Composita  sp.,  Gilledia  woolagensis 
Campbell  and  Hoskingia  skwarkoi  Archbold. 

Isolated  by  faulting,  the  brachiopod  fauna  of  the 
Mingenew  Formation  is  formally  named  herein 
the  Mingenewia  anomala  Zone.  Approximately 
correlatablc  with  the  Coyrie-Madcline  Formations 
(Carnarvon  Basin),  as  proposed  by  Dickins  (1965), 
it  is  not  clear  precisely  which  zone  of  the  lower 
Byro  Group  of  the  Carnarvon  Basin  offers  the 
best  correlation  (Archbold  1996b).  It  is  possible 
that  more  than  one  zone  may  be  present  but 
endemicity  of  species  hampers  a  precise  correlation. 
In  view  of  the  presence  of  the  strophalosiid  genus 
Echinalosia  in  the  Mingenew  assemblage,  it  is 
assumed  that  the  Mingenewia  anomala  Zone 
probably  correlates  with  the  Echinalosia  prideri 
Zone  of  the  Carnarvon  Basin  as  shown  in  Fig.  3. 
Brachiopod  species  described  from  the  Mingenew 
Formation  include:  Streptorhynchus  sp.,  Tornquistia 
cf.  magna  Archbold,  Neochonetes  ( Sommeriella ) 
robustus  Archbold,  Strophalosia  enantiensis  Arch¬ 
bold,  Echinalosia  simpsoni  Archbold,  Mingenewia 
anomala  Archbold,  Taeniothaerus  roberti  Archbold, 
Coolkilella  maitlandi  Archbold,  Cundaria  aquila- 
fonnis  Archbold,  Syrella  occidenta  Archbold, 
Fusispirifer  byroensis  Glauert,  Fusispirifer  sp., 
Neospirifer  sp.,  Occidalia  mingenewensis  (Arch¬ 
bold),  Cleiothyridina  sp.,  Hoskingia  nobilis 
(Etheridge)  and  Gilledia  cf.  woolagensis  Campbell. 

A  brachiopod  fauna  discovered  west  of  the 
Irwin  Sub-Basin  was  assigned  to  the  Sulciplica 
occidentalis  Zone.  It  was  retrieved  from  cores 
from  Bcharra  Springs  2  and  is  also  present  in 
Woodada  3  and  Beekeeper  1  (Archbold  1995a). 
Assigned  a  general  Ufimian  age  in  1995,  the 
present  author  now  assigns  the  zone  to  the  Latest 
Ufimian  (and  extending  into  the  Early  Kazanian) 
on  the  basis  of  supcrpositional  palynological  data 
(Mory  &  Backhouse  1997)  and  the  assignment 
of  older  faunas  and  palynological  floras  from 
the  Coolkilya  Sandstone  (Carnarvon  Basin)  to 
the  Ufimian  on  the  basis  of  ammonoid  data.  The 
fauna  described  from  the  Beekeeper  Member  of 


the  Wagina  Formation  includes:  Etherilosia  sp., 
Spiriferella  sp.,  Neospirifer  spp.,  Fusispirifer  cf. 
avicula  (Morris),  Sulciplica  occidentalis  Archbold, 
Cleiothyridina  sp.  and  Spirigerella  sp. 


CARNARVON  BASIN 

The  onshore  marine  Permian  succession  of  the 
Carnarvon  Basin  contains  the  most  detailed  repre¬ 
sentation  of  brachiopod  zones,  numerous  key  inter¬ 
national  correlation  points  based  on  ammonoids, 
a  few  new  discoveries  of  conodonts  (Nicoll  & 
Metcalfe  1997)  and  a  well  controlled  sequence  of 
palynological  zones  (Mory  &  Backhouse  1997). 
In  terms  of  available  biostratigraphical  data,  the 
Carnarvon  Basin  possesses  the  most  detailed 
biostratigraphical  sequence  for  the  Early  and  early 
Late  Permian  of  Western  Australia. 

The  development  of  the  biostratigraphy  of  the 
onshore  Carnarvon  Basin  has  been  summarised  in 
recent  studies  (Archbold  1993a;  Mory  &  Backhouse 
1997).  A  few  pertinent  comments  arc  offered  here. 
The  ages  of  the  two  oldest  brachiopod  zones  (the 
Lyonia  lyoni  and  Trigonotreta  occidentalis  Zones) 
are  constrained  by  supcrpositional  positions  below 
Stcrlitamakian  ammonoid  occurrences  from  the 
Callytharra  Formation  (Archbold  1995b).  Lower 
horizons  of  the  Lyons  Group  yield  the  characteristic 
species  of  the  Lyonia  lyoni  Zone:  Lyonia  lyoni 
(Prcndergast),  Rhynchopora  australasica  Arcllbold, 
Kiangsiella  sp.,  Grumantia  cf.  costellata  Clarke, 
Cyrtella  australis  Thomas,  Tomiopsis  notoplicatus 
Archbold  &  Thomas  and  Trigonotreta  lyonsensis 
Archbold  &  Thomas.  Key  species  of  the 
Trigonotreta  occidentalis  Zone  have  been  des¬ 
cribed  from  upper  horizons  of  the  Lyons  Group 
as  follows:  Trigonotreta  occidentalis  Thomas, 
Grumantia  cf.  costellata  Clarke,  Lyonia  lyoni 
(Prendergast),  Cyrtella  australis  Thomas,  Permor- 
thotetes  crespinae  Thomas,  Linoproductus  sp., 
Taeniothaerus  sp.,  ICallytharrella  sp.,  Spiriferella 
sp.  and  Tomiopsis  notoplicatus  Archbold  &  Thomas. 
This  zone  is  also  known  from  the  Carrandibby 
Formation  with  the  key  species  Neochonetes 
(Sommeriella)  obrieni  Archbold  and  Tomiopsis 
notoplicatus  Archbold  &  Thomas. 

The  Strophalosia  jimbaensis  Zone  from  the  Jimba 
Jimba  Calcarenite  (now  considered  to  be  the  upper 
part  of  a  redefined  Callytharra  Formation;  see  Mory 
&  Backhouse  1997)  shares  a  new  species  of  the 
conodont  Vjalovognatlius  with  the  Stcrlitamakian 
Strophalosia  irwinensis  Zone  below  and  many  (but 
not  all)  of  the  brachiopod  species  are  shared.  The 
two  zones  are  considered  to  be  close  in  age  but. 
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on  the  basis  of  stratigraphical  superposition  the 
5.  jimbaensis  Zone  is  considered  to  be  Early 
Artinskian  in  age. 

Brachiopods  from  S.  irwinensis  Zone  of  the 
lower  part  of  the  Callytharra  Formation  (as  defined 
by  Mory  &  Backhouse  1997)  include  those  for 
the  Perth  Basin  Fossil  Cliff  Formation  (excluding 
Taeniotlwerus  irwinensis  Coleman)  and  Permor- 
ihoieles  callytharrensis  Thomas,  Pertnorihoteies 
camerata  Thomas,  Arctitreta  plicatilis  (Hosking), 
Tomquistia  occiclentalis  Archbold,  Stictozoster 
senticosa  (Hosking),  Comuquia  australis  Archbold, 
Letharnia  obscurus  Archbold,  Dyschreslia  micra- 
cantha  (Hosking),  Camerisma  callytharrensis 
(Hosking),  Myodelthyrium  dickinsi  (Thomas), 
Latispirifer  callytharrensis  Archbold  &  Thomas, 
Neospirifer  foordi  Archbold  &  Thomas,  Neospirifer 
sp.,  Imperiospira  dickinsi  Archbold  &  Thomas 
Fusispirifer  carnarvonensis  Archbold  &  Thomas, 
Tomiopsis  sp.,  IFredcricksia  sp.  nov.,  Gjelispinifera 
decipiens  (Hosking),  Lamnaespina  papilionata 
(Hosking),  Callispirina  sp.  nov.  and  Hustedia 
sp.  nov. 

The  Strophalosia  jimbaensis  Zone  includes 
the  following  species:  Streptorhynchus  sp., 
Permorlhotetes  cf.  hndneri  Thomas,  Neochonetes 
(Sommeriella)  cockbaini  Archbold,  Neochonetes 
(Sommeriella)  hockingi  Archbold,  Strophalosia 
jimbaensis  Archbold,  'IReedoconcha  sp.,  Aulosteges 
sp.,  Callytharrella  callytharrensis  (Prendergast), 
Costatumulus  cf.  irwinensis  (Archbold),  Globiella 
flexuosa  (Waterhouse),  ICyrtella  sp.,  Neospirifer 
hardmani  (Foord),  Neospirifer  cf.  foordi  Archbold 
&  Thomas,  Fusispirifer  sp.,  Crassispirifer  condoni 
Archbold  &  Shi,  Trigonotreta  neoaustralis  Arch¬ 
bold  &  Thomas,  Tomiopsis  cf.  rarus  Archbold  & 
Thomas,  Spirelytha  sp.,  Cleiothyridina  ovalis  Shi, 
Cleiothyridirui  cf.  baracoodensis  (Etheridge)  and 
Hoskingia  sp. 

The  Neochonetes  (Sommeriella)  magnus  Zone 
of  the  Perth  Basin  is  apparently  absent  in  the 
Carnarvon  Basin  but  is  considered  to  be  correlatable 
with,  at  least,  the  upper  part  of  the  Wooramel 
Group.  Fossiliferous  localities  attributed  to  the 
Wooramel  Group  (some  of  which  may  be  upper 
Callytharra  Formation  sensu  Mory  &  Backhouse 
1997)  ail  appear  to  belong  to  the  Strophalosia 
jimbaensis  Zone  (see  Archbold  1991). 

The  Byro  Group  includes  some  eight  brachiopod 
zones  indicating  rapid  evolution  of  the  phylum. 
The  lowest  zones  (the  Echinalosia  prideri,  Wynd- 
hamia  colemani  and  Fusispirifer  byroensis  Zones) 
are  considered  here  to  be  late  Artinskian  in  age. 
This  equates  with  part  of  the  older  usage  of 
Baigendzhinian.  The  Permian  Subcommission  pro¬ 
posals  (Jin  et  al.  1997)  now  place  the  Artinskian- 


Kungurian  boundary  at  the  base  of  the  Saraninsk 
Horizon  in  the  Urals  sequences  which  reduces  the 
scope  of  the  classic  Artinskian.  This  is  in  order  to 
accommodate  the  conodont  Neostreptognathodus 
pnevi  into  the  Kungurian  below  the  Filippovian 
Horizon,  the  base  of  which  was  the  more  traditional 
Artinskian-Kungurian  boundary.  Hence  several 
of  the  western  Australian  brachiopod  zones  (the 
Tomquistia  magna  Zone  up  to  the  Fusispirifer 
wandagensis  Zone),  previously  indicated  to  be 
of  Late  Artinskian  age,  are  now  placed  in  the 
Kungurian  (cf.  Archbold  &  Dickins  1996;  Fig.  3). 
The  discovery  of  the  conodont  Vjalovognathus 
shindyensis  Kozur  in  the  Coyrie  Formation  has 
been  interpreted  by  Nicoll  &  Metcalfe  (1997)  to 
indicate  a  Kungurian  age  for  the  base  of  the 
Byro  Group.  However  the  range  of  this  conodont 
species  is  poorly  known  in  Western  Australia  and 
Timor  and  it  appears  that  other  endemic  species 
of  Vjalovognathus  in  the  Carnarvon  Basin  succes¬ 
sion  range  through  two  or  up  to  four  brachiopod 
zones  based  on  the  stratigraphical  ranges  provided 
by  Nicoll  &  Metcalfe  (1997).  As  a  result,  the 
present  author  considers  that  the  occurrence  of 
V.  shindyensis  may  also  indicate  a  broader  time 
range  of  a  Late  Artinskian  and  early  Kungurian 
age. 

In  ascending  order  the  brachiopod  zones  of  the 
Byro  Group  include  the  species  listed  below  for 
the  respective  lithostratigraphical  units. 

The  Echinalosia  prideri  Zone  from  the  lower 
part  of  the  Madeline  Formation  includes:  Permor- 
thotetes  sp.,  Streptorhynchus  sp.,  Kiangsiella  con¬ 
doni  Thomas,  Gatia  superba  Archbold,  Neochonetes 
( Sommeriella )  robustus  Archbold,  Echinalosia 
prideri  (Coleman),  Aulosteges  lyndonensis  Cole¬ 
man,  Costatumulus  sp..  Pseudosyrinx)  sinuosa 
Thomas  and  Neospirifer  (Quadrospira)  plicatus 
Archbold  &  Thomas. 

The  Wyndhamia  colemani  Zone  from  the 
upper  part  of  the  Madeline  Formation  includes: 
Streptorhynchus  sp.,  Wyndhamia  colemani  Arch¬ 
bold,  Etherilosia  sp.,  Aulosteges  ingens  Hosking, 
Costatumulus  sp.,  Crassispirifer  rostalinus  (Hosk¬ 
ing),  Fusispirifer  byroensis  (Glauert),  Tomiopsis 
pauciplicatus  Archbold  &  Thomas,  Spiriferella  sp., 
Spirelytha  sp.,  Cleiothyridina  sp.  and  Hoskingia 
trigonopsis  (Hosking). 

The  Fusispirifer  byroensis  Zone  overlaps  with 
the  Wyndhamia  colemani  Zone  of  the  upper 
Madeline  Formation  and  extends  into  younger 
strata  (Mallens  and  Bogadi  Sandstones).  The  fauna 
is  restricted  and  includes  Aulosteges  ingens 
(Hosking),  Fusispirifer  byroensis  (Glauert), 
Crassispirifer  rostalinus  (Hosking),  Imperiospira 
sp.  and  Hoskingia  trigonopsis  (Hosking). 
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The  restricted  fauna  of  the  Tomquistia  magna 
Zone  from  the  Bulgadoo  Shale  appears  to  represent 
a  fauna  adapted  to  an  anoxic  muddy  sea-floor  and 
includes  the  limited  assemblage  of  Tornquistia 
magna  Archbold,  Neochonetes  (Sommeriella)  sp., 
Fredericksial  sp.  nov.  and  Hoskingia  kennediensis 
Campbell. 

The  moderately  diverse  Fusispirifer  cundlego- 
ensis  Zone  is  well  represented  in  the  Cundlcgo 
Formation  and  includes:  Permorthoietes  sp., 
Streptorhynchus  hoskingae  Thomas,  Tomquisla  cf. 
tropicalis  Grant,  Demonedys  grand  Archbold, 
Neochonetes  (Sommeriella)  tenuicapillatus  Arch¬ 
bold,  Quinquenella  australis  Archbold,  Etherilosia 
prendergastae  (Coleman),  Wyndhamia  multi- 
spinifera  (Prendcrgast),  Redmarginifera  perforata 
Waterhouse,  Spiriferella  cundlegoensis  Archbold  & 
Thomas,  Imperiospira  sp.,  Fusispirifer  cundlego¬ 
ensis  Archbold  &  Thomas,  Hoskingia  kennediensis 
Campbell  and  Gilledia  cf.  homevalensis  Campbell. 

It  is  also  represented  by  the  somewhat  restricted 
fauna  of  the  Quinnanie  Shale  which  has  yielded 
Semilingula  occidentaustralis  (Archbold),  Strepto¬ 
rhynchus  hoskingae  Thomas,  Neochonetes 
(Sommeriella)  tenuicapillatus  Archbold,  Fusispirifer 
quinnaniensis  Archbold  &  Thomas,  Spiriferella 
cundlegoensis  Archbold  &  Thomas  and  Spirelytlia 
kashirtsevi  Archbold. 

The  diverse  Fusispirifer  wandageensis  Zone, 
known  from  the  Wandagce  Formation,  includes 
the  following  species:  Streptorhynchus  hoskingae 
Thomas,  Tomquistia  gregoryi  Archbold,  Neo¬ 
chonetes  (Sommeriella)  tenuicapillatus  Archbold, 
Etherilosia  complectens  (Etheridge),  Wyndhamia 
sp.,  Lialosia  kimberleyensis  (Prendergast),  Taenio- 
thaerus  coolkiliensis  Coleman,  Taeniothaerus  mini- 
liensis  Coleman,  Taeniothaerus  teicherd  Coleman, 
Dyschresda  colemani  Archbold,  Redmarginifera 
perforata  Waterhouse,  Coolkilella  bella  (Etheridge), 
Neospirifer  amplus  Archbold  &  Thomas, 
Imperiospira  franzjoseft  Archbold  &  Thomas, 
Fusispirifer  wandageensis  Archbold  &  Thomas, 
Cartorhium  imperfection  Archbold,  Crassispirifer 
pinguis  Archbold  &  Thomas,  Trigonotreta  dickinsi 
Archbold  &  Thomas,  Spiriferella  australasica 
(Etheridge),  Spirelytlia  miloradovichi  Archbold  & 
Thomas,  Tomiopsis  teicherti  Archbold  &  Thomas, 
Hustedia  basedowi  (Etheridge),  Cleiothyridina  mac- 
leayana  (Etheridge),  Yochelsonia  thomasi  Stchli, 
Hoskingia  wandageensis  Campbell  and  Gilledia 
cf.  homevalensis  Campbell. 

The  Neochonetes  (Sommeriella)  nalbiaensis 
Zone,  documented  from  the  Nalbia  Sandstone 
has  yielded  the  more  limited  assemblage  of 
Neochonetes  (Sommeriella)  nalbiaensis  Archbold, 
Svalbardia  narelliensis  Archbold,  Wyndhamia  sp., 


Lialosia  kimberleyensis  (Prendergast),  Magni- 
plicatina  sp.  nov.,  Imperiospira  sp.,  Spirelytlia 
miloradovichi  Archbold  &  Thomas,  Fusispirifer  sp. 
and  Hoskingia  cf.  wandageensis  Campbell. 

Dickins  (1963)  and  Dickins  et  al.  (1989)  argued 
that  the  single  specimen  of  the  ammonoid 
Paragastrioceras  wandageense  Teichcrt  (1942) 
came  from  the  Baker  Formation  (the  lowest 
part  of  the  Coolkilya  Formation  as  interpreted  by 
Teichert  1952)  rather  than  from  the  Nalbia 
Sandstone  as  proposed  by  other  authors.  The  pre¬ 
servation  of  the  specimen,  as  a  black  ferruginous 
internal  mould,  is  typical  of  the  style  of  preser¬ 
vation  of  brachiopods  from  the  Baker  Formation. 

P.  warulageense  is  a  significant  species  because  of 
its  close  similarity  to  P.  kungurense  Mirskaya 
(1948),  also  discussed  by  Bogoslovskaya  (1976), 
from  the  Late  Kungurian  Iren  Horizon  of  Cisuralia. 

P.  wandageense  appears  to  therefore  indicate  a  firm 
correlation  for  the  Baker  Formation  with  Irenian 
Substage  of  the  Kungurian.  The  history  and 
development  of  the  type  Kungurian  sequences 
has  been  reviewed  by  Chuvashov  (1997)  who  has 
emphasised  the  difficulty  of  recognising  the  stage 
outside  the  Cisuralian  region.  He  also  viewed  the 
data  indicating  that  the  lower  part  of  the  Ufimian 
type  sections  (i.e.  the  Solikamsk  Horizon)  should 
be  included  within  the  Kungurian.  Kungurian 
ammonoids  can  be  recognised  from  the  Pechora 
Basin  (Chuvashov  1997)  and  Pai-Khoy  and  Vaigach 
Islands  (Bogoslovskaya  1997). 

Tlie  Svalbardia  thomasi  Zone  characterises 
the  fauna  of  Baker  Formation  which  includes 
the  brachiopods  Permorthotetes  teicherti  Thomas, 
Svalbardia  thomasi  Archbold,  Lialosia  kimberley¬ 
ensis  (Prendergast),  Aulosteges  sp.,  Imperiospira 
campbelli  Archbold  &  Thomas,  Fusispirifer  sp.  and 
Cleiothyridina  cf.  macleayana  (Etheridge). 

Russian  authors  (e.g.  Popov  1963;  Andrianov 
1968,  1985;  Bogoslovskaya  1976,  1988)  have  long 
insisted  that  the  ammonoid  Daubichiles  (which 
is  known  from  two  horizons  in  the  Coolkilya 
Sandstone)  is  of  Ufimian  age.  Recent  work 
indicates  that  the  Boreal  Daubichiles  assemblage 
is  of  late  Ufimian  age  (i.e.  equivalent  to  the 
Sheshma  Horizon  of  the  Ufimian,  which  is 
equivalent  to  the  Roadian  stage  of  North  America) 
as  discussed  by  Kotlyar  (1997).  The  occurrence  of 
a  specimen  of  Daubichites  from  an  horizon  usually 
assumed  to  be  the  same  as  that  of  P.  wandageense 
(i.e.  in  the  Baker  Formation),  as  indicated  by 
Teichcrt  (1942),  was  in  fact  discovered  some 
1.3  km  from  the  specimen  of  P.  wandageense  on 
the  opposite  flank  of  a  synclinal  structure.  Precise 
bed  by  bed  relationships  are  not  known  for  the 
two  localities  and  hence  it  is  possible  that  the 
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Daubichites  specimen  came  from  a  slightly  higher 
horizon  than  the  Paragastrioceras  specimen  which, 
in  turn,  may  indicate  that  the  Kungurian-Ufimian 
boundary  may  be  within  the  Baker  Formation.  It 
is  difficult  to  conclude  other  than  that  the  age 
of  this  slraiigraphically  lowest  specimen  can  be 
anything  other  than  early  Ufimian  (or  latest 
Kungurian)  in  age.  This,  in  turn,  indicates  that  the 
antmonoid  Daubichites  may  have  appeared  earlier 
in  Western  Australia  than  in  the  Boreal  Realm,  a 
feature  also  known  for  other  bipolar  faunal 
elements.  Marine  faunas  of  the  type  lower  Ufimian 
(Solikamsk  Horizon)  are  of  Early  Permian  aspect 
as  are  those  of  the  Baker  Formation  and  Coolkilya 
Sandstone  (Dickins  ct  al.  1989).  Nevertheless,  the 
brachiopod  faunas  of  the  Coolkilya  Sandstone 
demonstrate  the  appearance  of  many  new  species 
distinctive  from  those  of  the  underlying  strati- 
graphical  units.  The  occurrence  of  Spiriferella 
etheridgei  Archbold  &  Thomas  in  the  Coolkilya 
Sandstone  is  of  significance  because  it  is  a  large 
species  with  a  sharp  dorsal  fastigium,  a  feature 
characteristic  of  several  late  Permian  Arctic  species. 
Notwithstanding  the  discussions  in  Dickins  et  al. 
(1989)  or  as  shown  in  Archbold  &  Dickins  (1996) 
the  faunas  of  the  Coolkilya  Sandstone  arc  now 
interpreted  by  me  as  being  Ufimian  in  age 
(Archbold  1993a;  Mory  &  Backhouse  1997).  At 
present,  no  evidence  is  available  to  indicate  that 
any  Permian  fauna  occurs  in  outcrop  in  the 
Carnarvon  Basin  that  is  younger  than  Ufimian  in 
age. 

The  Neochonetes  (Sommeriella)  afanasyevae 
Zone  which  is  found  in  throughout  the  Coolkilya 
Sandstone  (excluding  the  topmost  beds),  includes 
the  species  Pennorthotetes  teicherti  Thomas, 
Streptorhynchus  johnstonei  Thomas,  Derbyia  sp., 
Neochonetes  (Sommeriella)  afanasyevae  Archbold, 
Chonetinella  sp.,  Aulosteges  sp.,  Dyschrcstia  sp., 
Retimarginifera  waterhousei  Archbold,  Coolkilella 
coolkilyaensis  (Archbold),  hnperiospira  campbelti 
Archbold  &  Thomas,  Fusispirifcr  kennediensis 
Archbold  &  Thomas,  Spiriferella  etheridgei  Arch¬ 
bold  &  Thomas,  Spirelytha  stepanoviana  Arch¬ 
bold  &  Thomas,  Cleiothyridina  sp.  and  Yochelsonia 
thomasi  Stehli. 

The  topmost  beds  of  the  Coolkilya  Sandstone 
have  yielded  a  limited  brachiopod  fauna  referred 
to  the  Fusispirifer  coolkilyaensis  Zone  with  the 
species  Taeniothaerus  sp.  and  Fusispirifer  cool¬ 
kilyaensis  Archbold. 

CANNING  BASIN 

The  onshore  Canning  Basin  marine  Permian  is 


noteworthy  for  the  occurrence  of  Late  Permia^ 
(Djhulfian)  marine  faunas  and  a  rather  incomplete 
succession  of  Sakmarian  to  Ufimian  brachiopod 
zones  when  compared  with  the  succession  of  zones 
in  the  Carnarvon  Basin.  A  few  ammonoids  confine 
brachiopod  correlations  with  the  Carnarvon  Basie 
successions  and  aid  as  international  reference 
points.  Sparse  conodont  data  is  of  considerable 
interest  but  is  not  matched  against  brachiopod  zones 
and  hence  provides  data  points  not  related  to  exist¬ 
ing  brachiopod  biostratigraphical  schemes.  Rigorous 
matching  of  marine  faunas  against  palynological 
zonations  are  also  lacking.  Considerable  work  is 
required  to  produce  an  integrated  biostratigraphy 
for  the  Canning  Basin  and  to  determine  the 
nature  and  duration  of  breaks  in  the  sedimentary 
successions. 

Sakmarian  brachiopod  faunas  have  been  des¬ 
cribed  by  Archbold  (1990  1995a)  and  their  ages 
summarised  (Archbold  1993a).  The  Late  Artinskian 
Echinalosia  prideri  Zone  may  be  present  in  the 
Noonkanbah  Formation  (Archbold  1993a)  but  it 
is  by  no  means  confirmed.  The  faunas  of  the 
Noonkanbah  Formation  are  known  from  incomplete 
sections  and  spot  localities  and,  as  a  result,  the 
nature  of  the  Noonkanbah  Formation  in  terms  of 
the  completeness  of  the  sequence  is  still  in  doubt. 
The  record  of  Mesogondolella  idalioensis  (Young- 
quist,  Hawley  &  Miller)  from  the  Noonkanbah 
Formation  is  of  considerable  interest  (Nicoll  & 
Metcalfe  1997).  Although  not  matched  with  any 
brachiopod  zone,  no  recorded  zone  from  the 
Noonkanbah  Formation  appears  to  be  of  latest 
Kungurian  age  as  would  normally  be  indicated  by 
the  species  record  (Jin  et  al.  1997)  if  taken  out 
of  context  of  the  Western  Australian  succession. 
Faunas  from  the  classic  Mount  Marmion  area  are 
a  firm  match  with  those  of  the  Wandagec  Formation 
of  the  Carnarvon  Basin.  A  number  of  localities 
high  in  the  Noonkanbah  Formation  with  Svalbardia 
narelliensis  indicate  the  presence  of  the  Neo¬ 
chonetes  (Sommeriella)  nalbiaensis  Zone.  The 
Lightjack  Formation  is  characterised  by  the 
Neochonetes  (Sommeriella)  afanasyevae  Zone  and 
the  amntonoid  Daubichites  indicating,  as  interpreted 
herein,  an  Ufimian  age. 

The  youngest  marine  Permian  faunas  of  onshore 
Australia  arc  known  from  the  Hardman  Formation 
and  arc  of  Djhulfian  age.  Two  zones  are  known 
with  many  shared  species  (Archbold  1988a)  and 
equivalent  marine  faunas  arc  known  from  the 
Bonaparte  Basin. 

In  ascending  order  the  following  brachiopod 
zones  arc  known  from  the  onshore  Canning  Basin 
as  documented  by  the  described  brachiopod  species 
listed  below. 
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The  Early  Sakmarian  (Tastubian)  Trigonotreta 
occidentals  Zone  is  known  from  the  Wyc  Worry’ 
Member,  Carolyn  Formation  of  the  Grant  Group 
(species  present:  Neochonetes  ( Sommeriella )  obrieni 
Archbold,  Etherilosia  carolynae  Archbold,  Costa- 
tumulus  sp.  and  Trigonotreta  sp.)  and  the  Calytrix 
Formation  of  the  Grant  Group  (species  present: 
IStreptorhynchus  spp.,  Arctitreta  sp.,  Neochonetes 
(Sommeriella)  obrieni  Archbold,  Etherilosia  caly- 
trixi  Archbold,  Costatumulus  capillatus  (Water- 
house),  ICyrtella  sp.,  Trigonotreta  sp.,  IMartinia 
sp.  and  Spiriferellina  sp.). 

The  Late  Sakmarian  (Sterlitamakian)  Stropltalosia 
irwinensis  Zone  (with  advanced  Metalegoceras  and 
Propopanoccras  ammonoid  species  from  the  Nura 
Nura  Member)  is  known  from  the  Cuncudgerie 
Sandstone  (species  present:  Permorthotetes  lindneri 
Thomas,  Tornquistia  subquadratus  Archbold,  Stro- 
phalosia  irwinensis  Coleman,  Aulosteges  cf.  bara- 
coodensis  Etheridge,  Taeniothaerus  cf.  irwinensis 
Coleman,  Costatumulus  irwinensis  (Archbold), 
Cyrtella  koopi  Archbold,  Myodelthyrium  dickinsi 
(Thomas),  Trigonotreta  neoaustralis  Archbold  & 
Thomas  and  Spirelytha  cf.  fredericksi  Archbold  & 
Thomas)  and  the  Nura  Nura  Member  of  the  Poole 
Sandstone  (species  present:  Streplorhynchus  sp., 
Permorthotetes  lindneri  Thomas,  Neochonetes 
(Sommeriella)  prattii  (Davidson),  Neospirifer  foordi 
Archbold  &  Thomas,  Cratispirifer  nuraensis  Arch¬ 
bold  &  Thomas,  Myodelthyrium  dickinsi  (Thomas), 
Tomiopsis  woodwardi  Archbold  &  Thomas  and 
Fletcherithyris  cf.  hardmani  Campbell). 

A  few  localities  low  in  the  Noonkanbah  For¬ 
mation  may  indicate  the  presence  of  the  Artinskian 
Echinalosia  prideri  Zone  represented  by  the  species 
Kiangsiella  cf.  condoni  Thomas  and  Costiferina 
wadei  (Prendergast). 

Localities  high  in  the  Noonkanbah  Formation 
(e.g.  Mount  Marmion)  have  yielded  many  repre¬ 
sentatives  of  the  Fusispirifer  wandageensis  Zone 
of  presumed  early  Kungurian  age  (species  present: 
Neochonetes  (Sommeriella)  tenuicapillatus  Arch- 
bold,  Permorthotetes  guppyi  Thomas,  Permor¬ 
thotetes  cf.  camerata  Thomas,  Kiangsiella  sp., 
Streplorhynchus  costatus  Thomas,  Streplorhynchus 
variabilis  Thomas,  Arctitreta  crassimurus  (Thomas), 
Etherilosia  complectens  (Etheridge),  Wyndliamia 
multispinifera  (Prendergast),  Lialosia  kimberley- 
ensis  (Prendergast),  Taeniothaerus  miniliensis 
Coleman,  Retimarginifcra  perforata  Waterhouse, 
Coolkilella  bella  (Etheridge),  Stenoscisma  sp., 
Neospirifer  amplus  Archbold  &  Thomas,  Neo¬ 
spirifer  (Quadrospira)  postplicatus  Archbold  & 
Thomas,  Imperiospira  franzjosefi  Archbold  & 
Thomas,  Crassispirifer  pinguis  Archbold  & 
Thomas,  Trigonotreta  dickinsi  Archbold  &  Thomas, 


Fusispirifer  wandageensis  Archbold  &  Thomas, 
Spiriferella  australasica  (Etheridge),  Spirelytha 
miloradovichi  Archbold  &  Thomas,  Tomiopsis 
teicherti  Archbold  &  Thomas,  Hustedia  basedowi 
(Etheridge),  Cleiotliyridina  madeayana  (Etheridge), 
Fletcherithyris  cf.  hardmani  Campbell,  Yochelsonia 
thomasi  Slchli,  Hoskingia  cf.  grandis  Campbell, 
Hoskingia  cf.  wandageensis  Campbell,  Gilledia  cf. 
homevalensis  Campbell  and  III emipty china  sp.). 

From  top  beds  of  the  Noonkanbah  Formation 
the  species  Svalbardia  narelliensis  Archbold  has 
been  described  indicating  the  presence  of  the 
Neochonetes  (Sommeriella)  nalbiaensis  Zone. 

The  Lightjack  Formation,  with  the  ammonoid 
Daubichites ,  includes  the  following  representatives 
of  the  Neochonetes  (Sommeriella)  afanasyevae 
Zone:  Permorthotetes  guppyi  Thomas,  Strepto- 
rliynchus  perfidiabadensis  (Etheridge),  Neochonetes 
(Sommeriella)  afanasyevae  Archbold,  Etherilosia 
sp.,  Costatumulus ?  sp.,  Costatispirifer  gracilis 
Archbold  &  Thomas,  Tomiopsis  globosus  Archbold 
&  Thomas,  Tomiopsis  balgoensis  Archbold  & 
Thomas  and  Yochelsonia  stelilii  Campbell. 

The  Kirkby  Range  Member  of  the  Hardman 
Formation  is  characterised  by  the  Midian-Djhulfian 
Liveringia  magniftca  Zone  with:  Streplorhynchus 
luluigui  Hosking,  Waagenites  stani  Archbold, 
Notolosia  millyiti  Archbold,  Liveringia  magnifica 
Archbold,  Neospirifer  grandis  Archbold  &  Thomas, 
Tomiopsis  hardmani  Archbold  &  Thomas  and 
Cleiothyridina  sp. 

The  youngest  zone  in  the  Canning  Basin  from 
the  Chcrrabun  Member  of  the  Hardman  Formation 
is  the  Djhulfian  Waagenoconcha  ( Wimanoconcha ) 
imperfecta  Zone  with  the  ammonoid  Cyclolobus. 
Brachiopod  species  include:  Streplorhynchus  cf. 
pelargonatus  (Schlothcim),  Derby  ia  hardmani 
Thomas,  Neochonetes  (Sommeriella)  hardmani 
Archbold,  Neochonetes  (Sommeriella)  sp.,  Notolosia 
dickinsi  Archbold,  Aulosteges  reclinis  Coleman, 
Taeniotluierus  fletcheri  Coleman,  Megasieges 
fairbridgei  (Coleman),  Megasieges  seplenlrionalis 
(Etheridge),  Waagenoconcha  (Wimanoconcha)  im¬ 
perfecta  Prendergast,  Latispirifer  amplissmus  Arch¬ 
bold  &  Thomas,  Neospirifer  grandis  Archbold 
&  Thomas,  Tomiopsis  hardmani  Archbold  & 
Thomas,  Hustedia  sp.,  Cleiothyridina  penta 
Prendergast,  Cleiothyridina  spp.,  Fletcherithyris 
hardmani  Campbell  and  Hoskingia  grandis 
Campbell. 


BONAPARTE  BASIN 

Marine  Permian  faunas  from  the  onshore  Bonaparte 
Basin  have  been  known  for  over  100  years  and 
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have  recently  been  reviewed  by  Archbold  et  al. 
(1996).  Four  brachiopod  zones  are  recognised 
onshore  and  equivalent  faunas  of  the  youngest 
Waagenoconcha  (Wimanoconcha)  imperfecta  Zone 
are  recognised  offshore  from  the  Sahul  Platform 
(Archbold  1988b). 

The  Wyndhamia  colemani  Zone,  the  oldest  zone 
yet  recognised  onshore  is  known  from  one  outcrop 
locality  in  the  Port  Keats  District,  of  the  Northern 
Territory.  Species  identified  and  described  are 
Neochonetes  (Sommeriella)  robustus  Archbold, 
Wyndhamia  cf.  colemani  Archbold  and  Neospirifer 
(Quadrospira)  cf.  plicatus  Archbold  &  Thomas, 
providing  a  firm  correlation  with  the  zone  in  the 
Carnarvon  Basin. 

The  Neochonetes  (Sommeriella)  afanasyevae 
Zone  is  known  from  outcrops  at  Fossil  Head, 
Port  Keats  District,  where  it  is  characterised  by 
the  species  Neochonetes  (Sommeriella)  afanasyevae 
Archbold,  Streptorhynchus  perftdiabadensis  (Ethe¬ 
ridge)  and  Imperiospira  campbelli  Archbold  & 
Thomas.  Firm  correlation  with  the  Coolkilya 
Sandstone  of  the  Carnarvon  Basin  is  indicated. 

Outcrops  of  beds  in  the  Port  Keats  Area, 
originally  described  as  the  Upper  Marine  Beds  of 
the  Port  Keats  Group,  have  yielded  representatives 
of  the  two  youngest  brachiopod  zones  of  the 
Canning  Basin.  The  Liveringia  magnifica  Zone  is 
represented  by  Streptorhynchus  luluigui  (Hosking), 
Aulosteges  reclinis  Coleman,  Neospirifer  grandis 
Archbold  &  Thomas  and  Tomiopsis  hardmani 
Archbold  &  Thomas. 

The  Waagenoconcha  (Wimanoconcha)  imperfecta 
Zone  is  represented  by  the  species:  Derbyia 
hardmani  Thomas,  Waagenites  sp.,  Aulosteges 
reclinis  Coleman,  Megasteges  septentrionalis 
(Etheridge),  Waagenoconcha  (Wimanoconcha)  im¬ 
perfecta  Prendcrgast,  Costiferina  thomasi  Archbold, 
Leplodus  nobilis  Waagen,  Neospirifer  grandis 
Archbold  &  Thomas,  Latispirifer  amplissimus 
Archbold  &  Thomas,  Tomiopsis  hardmani  Archbold 
&  Thomas,  Cleiothyridina  sp.,  Hustedia  sp.  and 
Stenoscisma  sp. 


WESTERN  AUSTRALIA  AND  PANGAEA 

Many  elements  of  the  Western  Australian  marine 
brachiopod  faunas  are  closely  related  to  those  of 
the  peri-Gondwanan  or  Cimmerian  regions  that 
now  make  up  much  of  the  Asian  region.  Links 
between  the  Western  Australian  faunas  and  these 
regions  serve  to  supplement  and  test  the  models 
for  the  breakup  of  Gondwana  during  the  Permian 
and  later  times.  Metcalfe  (1996)  has  provided  a 
comprehensive  account  of  the  breakup  of  the 


Tethyan-Gondwanan  margin  and  Archbold  &  Shi 
(1996)  have  provided  a  summary  of  the  regional 
provincialism  shown  by  Tethyan-Gondwanan  mar¬ 
gin  faunas  and  those  of  Western  Australia.  It  is 
not  proposed  to  review  here  the  extensive  literature 
on  the  breakup  models  and  faunal  provincialism 
(the  above  two  references  provide  large  reference 
lists  on  the  subjects).  Recent  reviews  of  global 
Permian  biogeography  include  those  of  Jin  &  Shang 
(1997)  and  Grunt  &  Shi  (1997)  and  these  place 
the  Western  Australian  and  southeast  Asian  faunas 
in  a  global  setting.  Once  marine  faunas  are  bio- 
stratigraphically  well  known,  as  is  now  the  case 
for  Western  Australian  faunas,  migration  patterns 
in  and  out  of  marine  provinces  such  as  the 
Westralian  Province  can  be  used  to  construct 
temperature  curves  and  regional  surface  ocean 
circulation  models  (Archbold  &  Shi  1995,  1996). 
Previous  workers  who  developed  schematic  maps 
showing  surface  ocean  currents  include  Frakcs  & 
Crowell  (1971),  Ziegler  et  al.  (1981)  and  Ross  & 
Ross  (1985).  Bardossy  (1994)  utilised  the  patterns 
of  currents  proposed  by  Ziegler  et  al.  (1981). 
Kutzbach  et  al.  (1990)  modelled  the  ocean  cir¬ 
culation  pattern  of  an  idealised  Panthalassic  Ocean 
with  a  simplified  Tethyan  Gape.  Archbold  &  Shi 
(1996)  provided  sketch  maps  of  finer  time  slices 
showing  hypothetical  surface  currents  associated 
with  a  Tethys  embayment  with  scattered  micro- 
continents.  Surface  currents  were  restricted  to  those 
defined  as  cold  and  warm  whereas  with  improved 
knowledge  of  cold,  temperate  and  tropical  faunas 
it  is  now  possible  to  suggests  three  temperature 
categories  (cold,  temperate  and  tropical)  of  surface 
currents  and  show  how  these  have  changed  during 
the  genera]  global  warming  and  with  the  northward 
movement  of  Pangea  during  the  Permian.  These 
new  maps  are  provided  in  Figs  4-8.  It  should  be 
noted  that  the  presumed  equatorial  counter-current 
is  not  shown  on  the  maps. 

One  of  the  most  intriguing  aspects  of  the 
biogeography  of  Permian  marine  faunas  is  the 
bipolarity  of  genera  of  different  groups  (e.g.  small 
foraminiferans,  Bryozoa,  Ammonoidea,  Bivalvia, 
etc.).  This  phenomenon  is  also  well  known  for 
brachiopods  since  the  work  of  Fredericks  (1931). 
The  present  author  has  progressively  documented 
over  nearly  20  years  that  many  Western  Australian 
genera  of  brachiopods  also  occur  in  Boreal  faunas. 
These  include  Semilingula ,  Neochonetes  (Som¬ 
meriella),  Svalbardia,  Tomquistia,  Demonedys, 
Quinquenella,  Arctilreta,  Streptorhynchus ,  Stropha- 
losia,  Wyndhamia,  Echinalosia,  Costatumulus, 
Waagenoconcha,  Spirelytha,  Tomiopsis,  Neospirifer, 
Spiriferella,  Crassispirifer,  Fusispirifer,  Rhyncho- 
pora  and  others  that  require  documentation.  Often 
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Fig  4  Surface  global  ocean  circulation  pattern  for  the  Asselian-Tastubian  time  slice  (298-289  Ma).  Solid  line  arrows,  tropical  water;  dashed  line  arrows,  cold 
water;  dot-dash  line  arrows,  temperate  water.  Global  reconstructions  for  this  figure  and  Figs  5-9  are  based  on  those  provided  by  Ziegler  &  Gibbs  (1996). 
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Surface  global  ocean  circulation  pattern  for  the  Sterlitamakian-Aktastinian  time  slice  (289-279  Ma).  Symbols  as  for  Fig. 
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Surface  global  ocean  circulation  pattern  for  the  Baigendzhinian-Solikamsk  time  slice  (279-268  Ma).  Symbols  as  for  Fig. 
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Surface  global  ocean  circulation  pattern  for  the  Sheshminsk-Kazanian  time  slice  (268-260  Ma).  Symbols  as  for  Fig. 
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Surface  global  ocean  circulation  pattern  for  the  Tatarian  time  slice  (260-251  Ma).  Symbols  as  for  Fig. 
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Fig.  9.  Schematic  deeper  water  global  ocean  circulation  pattern  for  the  Kungurian-Ufimian  time  slice  (275-265  Ma).  Panthalassic  Ocean  depths  2000  m+, 
Tethyan  depths  200-500  m  presumed  depths.  Solid  line  arrows,  cold  water;  dashed  line  arrows,  cool  water. 
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the  closest  relationships  are  with  the  Verkhoyansk- 
Kolyma-Omolon  regions  of  northeastern  Siberia. 
Eastern  Australian  and  New  Zealand  brachiopod 
genera,  not  found  in  western  Australian  faunas, 
such  as  Tcrrakea,  Anidantlius  and  Megousia  also 
demonstrate  a  bipolar  distribution. 

While  a  full  review  of  brachiopod  genera  that 
exhibit  bipolar  distributions  and  the  precise  timing 
°f  their  equatorial  cross-overs  is  required,  the  close 
relationship  of  bipolar  faunas  can  scarcely  be 
attributed  to  parallel  or  convergent  evolution.  As 
for  bivalve  faunas  (Astaf’yeva  &  Astaf’yeva- 
Urbaytis  1992)  it  is  inferred  that  periodic  migrations 
that  crossed  the  palaeoequatorial  region  of  Tethys 
occurred.  Evidence  suggests  that  during  Kungurian 
times  and  again  in  the  mid-Ufimian,  trans-equatorial 
U'igrations  took  place,  as  for  bivalves,  but  not  by 
means  of  surface  currents. 

It  is  well  known  that  modem  deeper  water 
oceanic  currents  can  cross  the  Equator  (Ingmanson 
&  Wallace  1989).  The  deep  water  currents  modelled 
by  Kutzbach  et  al.  (1990)  run  counter  to  the 
direction  of  the  inferred  surface  currents  also  as 
'u  the  modem  Pacific.  The  schematic  map  in 
Eig.  9  shows  an  idealised  deep  water  pattern  for 
the  Panthalassic  Ocean  and  an  intermediate  depth 
Pattern  (200-500  m)  for  the  Tethyan  region  (the 
latter  currents  presumed  to  be  cooler  than  the 
surface  waters).  Such  intermediate  (in  terms  of 
depth  and  temperature)  currents  may  have  provided 
brief  opportunities  for  larval  stages  of  non-tropical 
genera  to  cross  the  Tethys,  particularly  during 
brief  cooler  episodes  of  climate  change  during 
'he  Permian.  The  time  slice  is  for  the  Kungurian- 
Ufimian  and  currents  are  shown  crossing  the 
Equator  from  south  to  north.  Directions  of  the 
Cfoss-over  currents  are  hypothetical  and  can 
Possibly  be  tested  by  precise  knowledge  of  the 
'espective  liming  of  the  first  appearances  of  genera 
m  the  Boreal  and  Austral  (Notal)  realms.  Little 
tangible  data  exists  for  the  existence  of  cooler, 
deeper  water  brachiopod  faunas  in  the  palaco- 
cquatorial  regions  of  Tethys  but  elements  of  a 
c°oler,  deeper  water  fauna  have  been  recorded 
from  Sicily  (Catalano  et  al.  1991)  a  region  usually 
associated  with  tropical  brachiopod  faunas.  It  is 
Noteworthy  that  the  genera  Linoproductus  and 
Costatuinulus  (recorded  as  Cancrinella)  were  illus¬ 
trated  by  these  authors,  the  latter  genus  particularly 
recalling  temperate  Boreal  and  Austral  assemblages. 
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Permian  successions  in  Western  Australian  basins  are  correlated  by  palynology,  a  method 
that  allows  stratigraphic  correlation  of  siliciclastic  successions  in  both  marine  and  non-marine 
facies.  The  distribution  of  ten  palynological  zones  in  the  Perth,  Carnarvon,  Canning,  Officer 
and  Bonaparte  Basins  reveals  sharp  differences  in  stratigraphic  distributions  and  sedimentary 
thicknesses  of  coeval  units.  In  the  lowest  Permian,  glacigcne  units,  dated  as  Asselian  to 
Tastubian,  vary  greatly  in  thickness  because  of  pre-existing  topography  and  basin  accom¬ 
modation.  Sedimentary  thicknesses  through  the  rest  of  the  Permian  depend  on  basin 
accommodation  and  vary  greatly  between,  and  within,  basins.  The  most  striking  contrast  in 
stratigraphic  thicknesses  is  between  the  Merlinleigh  Sub-basin  with  2700  m  of  section  from 
the  Sakmarian  to  the  Ufimian  and  the  Peedamullah  Shelf,  where  mainly  younger  Permian 
rocks  of  Ufimian  to  ?Dzhulfian  age  are  present  in  the  subsurface.  All  basins  along  the  west 
coast  of  Australia  contain  evidence  for  a  stratigraphic  break  in  the  mid  Permian,  probably  in 
the  early  Ufimian. 


PERMIAN  rocks  are  present  in  the  Perth,  Collie, 
Carnarvon,  Canning,  Officer  and  Bonaparte  Basins 
of  Western  Australia,  but  are  overlain  by  younger 
rocks  over  extensive  areas  (Fig.  I).  Where  they 
are  concealed,  but  less  than  approximately  4000  nt 
deep,  Permian  rocks  are  known  from  boreholes 
and  petroleum  exploration  wells.  In  other  areas  of 
the  Perth,  Carnarvon  and  Bonaparte  Basins  the 
Permian  is  deeper  than  4000  m  and  its  presence 
is  inferred  by  extrapolation  from  areas  with  sub¬ 
surface  or  outcropping  Permian. 

Correlation  by  macrofossils  is  possible  for  some 
intervals  in  the  Perth,  Carnarvon  and  Canning 
Basins,  areas  of  major  importance  for  Gondwanan 
correlation  because  of  the  relative  frequency  and 
Tethyan  aspect  of  the  faunas.  But  significant 
intervals  exist  in  all  basins  from  which  no  useful 
macrofossils  arc  recorded.  Data  from  conodonts, 
foraminifers,  and  occasionally  macrofossils,  can  be 
obtained  from  boreholes  and  arc  potentially  useful 
over  intervals  with  numerous  carbonate  beds. 
Currently,  eighteen  brachiopod  zones  ranging  from 
the  Asselian  to  the  Dzhulfian  are  recognised  from 
the  marine  Permian  of  Western  Australia  (Archbold 
&  Dickins  1996;  Archbold  1993,  1998).  However, 
many  faunas  occur  in  isolated,  discontinuous, 
limestone  outcrops  interbedded  with  much  thicker 
sandstone  and  shale  sequences  and,  because  of 
poor  exposure,  some  fossiliferous  beds  are  difficult 
to  place  with  complete  confidence  in  their  correct 
stratigraphic  position.  In  sections  without  limestone 
beds,  significant  macrofossil  assemblages  arc 
infrequent.  Further  collecting  will  fill  in  some  of 
the  gaps,  but  only  the  Merlinleigh  Sub-basin  holds 


the  prospect  of  a  nearly  complete  faunal  sequence, 
and  only  From  the  Asselian  to  approximately  the 
Ufimian. 
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Fig.  I.  Western  Australia  showing  areas  with  accessible 
Permian  rocks. 
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Fig.  2.  Correlation  of  Perth,  Collie,  Carnarvon  and  Canning  Basin  Permian  stratigraphic  units  with  palynological 
zones. 


In  all  basins  the  the  only  tool  available  for 
correlation  of  much  of  the  Permian  succession  is 
palynology,  a  method  that  can  be  employed  in  any 
unwcathered,  siliciclastic  section.  Because  outcrop 
throughout  Western  Australia  is  usually  heavily 
lateritiscd,  suitable  samples  are  normally  obtained 
only  from  the  subsurface  by  drilling.  Numerous 
boreholes  and  petroleum  exploration  wells  that  arc 
sufficiently  well  sampled  to  allow  detailed  palyno- 
stratigraphic  correlation  are  available  from  Permian 
basins  along  the  western  Australian  margin,  from 
the  Perth  Basin  in  the  south  to  the  Bonaparte  Basin, 
2200  km  to  the  northeast  (Fig.  1).  Intracontinental 
areas,  such  as  the  southern  Canning  and  Officer 
Basins,  are  less  well  served  by  subsurface  ex¬ 
ploration,  but  even  in  these  poorly  explored  parts 
some  data  is  available  on  the  Permian.  This  paper 
provides  a  summary  of  the  known  distribution  and 
palynological  zonal  range  of  Permian  rocks  in  the 
Canning.  Carnarvon  and  Perth  Basins,  with  brief 
notes  on  stratigraphic  distribution  in  other  Western 
Australian  basins. 

PALYNOLOGICAL  SUBDIVISION 

Palynostratigraphic  schemes  for  Australia  as  a 
whole  have  been  developed  since  the  early  work 


of  Evans  (1969),  principally  by  Kemp  et  al.  (1977), 
Price  (1983),  Price  et  al.  (1997)  and  Cooper  (1991). 
Localised  schemes  were  published  by  Segroves 
(1972)  for  the  Perth  Basin  and  Balmc  (in  Kemp 
et  al.  1977)  for  the  Canning  Basin.  Many  of  the 
biostraligraphically  significant  datums  used  in  these 
schemes,  notably  first  appearance  datums  (FADs), 
were  also  used  by  Backhouse  (1991,  1993)  for 
the  Collie  and  Perth  Basins,  and  most  recently 
for  the  Carnarvon  Basin  (Mory  &  Backhouse 
1997).  All  the  zonal  schemes  use  some  common 
elements  and  are,  to  some  degree,  interchangeable. 
The  latest  scheme  of  Price  (1997)  is  the  most 
detailed  and,  although  some  aspects  have  been 
tested  only  in  some  eastern  Australian  basins, 
application  of  the  numerous  correlation  points  of 
this  scheme  will  possibly  allow  finer  subdivision 
in  closely  sampled  sections  throughout  Australia. 
Selected  parts  of  Price’s  zonation,  that  can  be  safely 
correlated  with  the  broader  zonation  applied  here, 
arc  shown  in  Fig.  2.  In  Australian  basins,  Permian 
palynofioras  above  the  glacial  units  (above  the 
Pseudoreiiculaiispora  confluens  Zone  in  Western 
Australia)  show  great  stability  and  most  taxa  are 
long  ranging.  Although  quantitative  criteria  have 
been  used  in  the  past  for  palynostratigraphic 
subdivision,  more  recent  zonal  schemes  rely 
predominantly  on  first  appearances  of  selected,  well 
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characterised  taxa.  It  is  always  possible  that  a 
zone  boundary  based  on  a  FAD  may  be  moved 
slightly  lower  when  better  sampled  intervals 
become  available. 

The  zonation  used  here,  based  on  Backhouse 
(1991),  was  presented  in  its  present  form  by  Mory 
&  Backhouse  (1997)  for  the  Carnarvon  Basin.  Ten 
zones  and  one  subzone  arc  used  (Fig.  2),  although 
tighter  correlation  is  possible  at  an  intrabasinal 
scale.  Correlation  of  the  palynostratigraphic  units 
with  international  stages  is  achieved  by  applying 
macrofaunal  and  microfaunal  ages  for  selected 
stratigraphic  units  to  the  equivalent,  palynologically 
productive,  subsurface  interval.  In  Western 
Australia,  palynomorphs  and  macrofossils  are 
sometimes,  though  rarely,  available  from  the  same 
outcrop  or  core  (Archbold  1995a,  1995b)  and  these 
occurrences  provide  valuable  data  for  correlating 
faunal  and  palynostratigraphic  units.  In  the 
Carnarvon  Basin  careful  mapping  and  correlation 
with  subsurface  sections  has  enabled  palynologica! 
data  from  boreholes  and  petroleum  wells  to  be 
accurately  attributed  to  stratigraphic  units,  thus 
allowing  palynological  zones  to  be  matched  with 
faunal  zones.  This  has  also  been  done  for  selected 
units  in  the  Perth  and  Canning  Basins. 


SOUTHERN  PERTH  AND  COLLIE  BASINS 

Backhouse  (1991)  identified  10  palynostratigraphic 
zones  in  the  Permian  of  the  Collie  Basin,  a  small 
intracratonic  basin  in  the  southwestern  Yilgam 
Craton  (Le  Blanc  Smith  1993).  These  were  cor¬ 
related  with  Balme’s  palynological  units  from  the 
Canning  Basin,  the  stage  system  erected  for  the 
whole  of  Australia  (Kemp  et  al.  1977),  and 
Anderson’s  (1977)  zonation  for  the  Karoo  Basin 
of  southern  Africa. 

The  southern  Perth  Basin  is  closely  comparable 
with  the  Collie  Basin  and,  like  the  Collie  Basin, 
is  devoid  of  marine  macrofossils,  or  palynological 
marine  indicators.  In  both  basins  the  Permian 
succession  above  the  glacial  to  proglacial  Stockton 
Group  is  lacustrine,  deltaic  or  fluvial  with  numerous 
coal  seams  (Lc  Blanc  Smith  1993;  Le  Blanc  Smith 
&  Kristensen  1998).  The  uppermost  600  to  800  m 
in  Sue  1,  in  the  southern  Perth  Basin,  is  younger 
than  the  highest  beds  in  the  Collie  Basin,  which 
do  not  extend  above  the  D.  ericianus  Zone  as 
used  here.  Backhouse  (1993)  recognised  two  bio¬ 
horizons  in  the  southern  Perth  Basin  that  lie  above 
the  Proioliaploxypinus  rugatus  Zone,  the  highest 
zone  recognised  in  the  Collie  Basin  (Backhouse 
1991)  and  now  incorporated  into  the  Didecitriletes 
ericianus  Zone.  These  were  the  first  appearance 


of  Camptotriletes  warchianus  and  an  undescribed 
form  of  Microbaculispora.  Dulhuntyispora  parvi- 
tliola  (Balme  &  Hennelly)  a  key  species,  whose 
first  appearance  datum  marks  the  base  of  the 
D.  parvithola  Zone  and  APP5  (Price  1997),  is  also 
present  in  the  upper  part  of  the  southern  Perth 
Basin  succession. 


NORTHERN  PERTH  BASIN 

In  the  northern  Perth  Basin  the  glacial  and 
proglacial  beds  (Nangetty  Formation  and  Holm- 
wood  Shale)  accumulated  to  great  thicknesses 
against  the  Darling  Fault  on  the  eastern  margin 
of  the  basin.  The  Pseudoreticulatispora  pseudo- 
reliculata  Zone  is  developed  in  the  Fossil  Cliff 
Formation  at  the  top  of  the  Holmwood  Shale 
(Foster  et  al.  1985;  Backhouse  1993).  No  palyn¬ 
ological  data  are  available  from  the  High  Cliff 
Sandstone,  but  the  Irwin  River  Coal  Measures  are 
no  younger  than  the  Microbaculispora  trisina  Zone. 
The  Carynginia  Formation  has  been  studied  in 
one  borehole  (Backhouse  1993)  and  appears  to  be 
no  younger  than  Praecolpatites  sinuosus  Zone. 

A  significant  stratigraphic  interval  is  missing 
on  the  northeastern  basin  margin,  on  the  Irwin 
Terrace,  between  the  Carynginia  Formation  and 
the  Wagina  Sandstone.  The  Wagina  Sandstone  has 
yielded  abundant  palynomorphs  that  belong  to  the 
D.  parvithola  Zone.  Petroleum  drilling  in  deeper 
parts  of  the  northern  Perth  Basin  has  revealed  the 
presence  of  units,  notably  the  Beekeeper  Formation, 
which  appear  to  lie  straligraphically  between  the 
Carynginia  Formation  and  the  Wagina  Sandstone. 
In  one  well,  Beharra  Springs  2,  Archbold  (1995a) 
identified  the  Sulciplica  occidcntalis  brachiopod 
zone,  and  the  rather  limited  palynological  data 
suggest  this  interval  belongs  in  the  D.  ericianus 
Zone. 


MERLINLEIGH  SUB-BASIN 

The  Mcrlinleigh  Sub-basin  in  the  southeast  of  the 
onshore  Carnarvon  Basin  (Fig.  3)  contains  a  con¬ 
siderable  thickness  of  Permian  strata  and  is  the 
key  area  for  faunal  subdivision  of  the  Early  to 
earliest  Late  Permian  (Archbold  1993,  1998).  The 
sub-basin  contains  a  great  thickness  of  glacigene 
Permian  rocks,  with  over  1500  m  of  Lyons  Group 
estimated  in  the  deepest  parts  of  the  sub-basin, 
along  the  western  margin  (Mory  &  lasky  1997). 
The  Callytharra  Formation,  and  the  Wooramel, 
Byro  and  Kennedy  Groups  are  developed  to  a  great 
thickness  and  lie  above  the  Lyons  Group  without 
a  significant  break  in  deposition. 
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Fig.  3.  Permian  areas  in  (he  Carnarvon  Basin  showing 
stratigraphic  boreholes  and  petroleum  exploration  wells. 


The  P.  pseudoreticulcita  and  Striatopoclocarpites 
fusus  zones,  and  effectively  the  lowest  levels  of 
the  M.  trisina  Zone,  are  recognised  in  the  extended 
Callytharra  Formation  (sensu  Mory  &  Backhouse 
1997)  in  the  fully  cored  section  in  GSWA 
Ballythanna  1  (Backhouse  1996).  The  Didecitriletes 
byroensis  Sub-zone  is  known,  so  far,  only  from 
the  Carnarvon  Basin,  where  it  occurs  in  the 
uppermost  S.  fusus  Zone  and  the  lowest  M.  trisina 
Zone.  The  M.  trisina  and  P.  sinuosus  zones  are 
exceptionally  thick,  with  a  total  thickness  of  over 
1500  m  in  Kennedy  Range  1  (Mory  &  Backhouse 
1997),  an  interval  that  ranges  from  the  base  of 
the  Wooramcl  Group  to  the  lower  part  of  the 
Coolkilya  Sandstone  (lowest  Kennedy  Group).  By 
comparison,  the  Microbaculispora  villosa  Zone  is 
thin  and  is  present  in  the  upper  part  of  the 
Coolkilya  Sandstone.  Palynofloras  from  all  samples 
examined  to  date  from  the  Binthalya  Formation, 
and  several  that  may  come  from  underlying 
Mungadan  Sandstone  (both  higher  units  in  the 
Kennedy  Group),  belong  to  the  D.  granulata  Zone. 
The  Binthalya  Formation  attains  a  thickness  of  up 
to  800  m  in  the  central  part  of  the  Kennedy  Range. 


The  D.  granulata  Zone  is  present  in  the  lowest 
part  of  the  Kennedy  Group  on  the  Pcedamul|ah 
Shelf,  overlying  much  older  Permian  units,  ancj 
therefore  there  is  little  overlap  of  coeval 
sedimentary  units  between  the  two  sub-basins. 

The  ages  assigned  to  the  M.  villosa  to  p 
granulata  zones  arc  based  on  correlation  with 
macrofaunal  and  conodont  ages  in  the  Mcrlinlejoh 
Sub-basin  (Metcalfe  &  Nicoll  1998)  and  Archbold 
(1998  and  this  vol.)  should  be  consulted  for  a 
summary  of  the  latest  ages  assigned  to  various 
lithostratigraphic  units.  In  particular  the  age  of  (|1C 
base  of  the  D.  ericianus  Zone  has  been  reviscd 
front  approximately  the  start  of  the  Ufimian 
(Backhouse  1991,  1993)  to  approximately  the  base 
of  the  Kazanian  (Mory  &  Backhouse  1997),  This 
is  based  on  early  Ufimian  ages  for  faunas  fiorn 
the  Coolkilya  Sandstone,  the  lowest  stratigraphic 
unit  of  the  Kennedy  Group  in  the  Merlinlejgh 
Sub-basin. 


PEEDAMULLAH  SHELF 

The  Peedamullah  Shelf  is  separated  from  the 
Merlinlejgh  Sub-basin  by  an  area  with  Precambrian 
basement  overlain  only  by  a  thin  interval  0f 
Cretaceous  and  an  area  in  the  northern  part  of  the 
Merlinleigh  Sub-basin  for  which  no  data  are 
available  (Fig.  3).  On  the  Peedamullah  Shelf, 
Permian  strata  have  been  penetrated  by  petroleum 
wells  beneath  Cretaceous,  Jurassic  and  Triassic 
rocks.  A  description  of  the  thickest  Permian  inter¬ 
sections  is  provided  by  Mory  &  Backhouse  (1997). 
The  Permian  in  this  area  is  characterised  by  the 
absence  of  most  of  the  Lower  Permian.  A  glacial 
succession  with  P.  confluens  Zone,  and  rarely  as 
in  Onslow  1  a  slightly  younger  interval  with  the 
P.  pscudoreticulata  Zone  or  M.  trisina  Zone,  is 
overlain  by  much  younger  Permian  belonging  in 
the  D.  granulata ,  D.  ericianus  or  D.  parvitliola 
zones.  The  complete  absence  of  most  of  the 
M.  trisina  Zone  and  the  P.  sinuosus  and  M.  villosa 
zones  is  in  sharp  contrast  to  the  Merlinleigh 
Sub-basin  where  this  interval  attains  a  thickness 
of  approximately  1500  m.  Some  of  the  missing 
interval  may  be  represented  in  deeper  basinal  areas 
to  the  northwest,  at  great  depth  below  the  Triassic. 
and  beyond  the  range  of  drilling. 


CANNING  AND  OFFICER  BASINS 

The  Canning  Basin  contains  extensive  Permian 
strata,  but  over  large  areas  only  the  periglacial 
Grant  Group  and  immediately  younger  rocks  arc 
represented.  Younger  Permian  units  are  present  in 
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the  Fitzroy  Trough  and  Gregory  Sub-basin  along 
the  northeastern  margin  and  in  other  deep  basinal 
areas.  Similarly,  the  Officer  Basin  contains  a  thin 
veneer  of  glacigenc  Permian  rocks  assigned  to 
Stage  2  by  Kemp  (1976),  but  possibly  including 
the  P.  confluens  Zone  in  current  terminology. 
Younger  Permian  rocks  have  not  been  identified, 
to  date,  in  the  Officer  Basin,  which  appears  to 
have  been  particularly  stable,  with  little  or  no 
accommodation  since  the  Carboniferous. 

Balme’s  unit  subdivision  of  the  Western 
Australian  Permian  was  established  in  boreholes 
and  petroleum  wells  in  the  Canning  Basin  (Kemp 
et  al.  1977).  Since  that  time  more  wells  have  been 
drilled  and  the  results  from  one  of  these,  Kilang 
Kilang  1,  located  in  the  eastern  part  of  the  basin, 
are  presented  in  Pig.  4.  This  well  contains  at  least 
700  m  of  Permian  sandstone  and  shale  above  the 
glacigenc  Grant  Group,  which  is  assigned  to  the 
P.  confluens  Zone.  A  sampling  gap  that  covers 
the  Poole  Sandstone  accounts  for  the  absence  of 
the  P.  pseudoreticulata  and  S.  fusus  zones.  All 
samples  from  the  Noonkanbah  Formation  are 
placed  in  the  M.  trisina  or  P.  sinuosus  zones.  The 
highest  sample,  just  below  the  top  of  the  formation, 
contains  Propinquispora  praetholus  Price,  which 
has  a  FAD  slightly  below  that  of  M.  villosa  (Price 
1997).  This  indicates  that  the  top  of  the 

Noonkanbah  Formation  in  Kilang  Kilang  1  is 

in  the  upper  part  of  the  P.  sinuosus  Zone. 

Dulhuntyispora  granulata  Price  is  present  in  the 
lowest  sample  from  the  Livcringa  Group  and 
the  M.  villosa  Zone  appears  to  be  absent.  This 
stratigraphic  correlation  for  the  Canning  Basin  is 
also  shown  by  Kemp  et  al.  (1977).  Failure  to 
identify  a  zone  may  be  the  result  of  a  condensed 
sequence,  or  a  break  in  deposition.  The  close 
study  of  other  Canning  Basin  wells  with 
comparable  stratigraphic  intervals  and  sampling 
frequency  may  resolve  this  point  in  the  case 

of  the  M.  villosa  Zone.  The  presence  of  the 
Neochonetes  ( Sommeriella )  nalbiaensis  Zone 
(Archbold  1998)  in  the  upper  part  of  the 
Noonkanbah  Formation  supports  a  correlation 
with  the  upper  units  of  the  Byro  Group  in  the 
Carnarvon  Basin. 

The  Liveringa  Group  in  Kilang  Kilang  1  ranges 
from  the  D.  granulata  Zone  to  the  D.  parvithola 
Zone,  with  the  greatest  thickness  placed  in  the 
highest  zone.  The  presence  of  Dulhuntyispora 
stellata  Price  low  in  the  D.  parvithola  Zone  in 
Kilang  Kilang  I  suggests  that  this  level  may 
already  be  quite  high  in  the  D.  parvithola  Zone 
in  terms  of  Price’s  (1997)  zonation.  Although 
Kilang  Kilang  1  is  located  300  km  southeast  of 
the  type  section  of  the  Hardman  Formation,  the 


palynological  results  from  wells  closer  to  the  type 
section  are  known  to  contain  Late  Permian 
palynological  assemblages  comparable  with  the 
D.  parvithola  Zone  in  this  well.  Therefore,  it 
is  probable  that  the  upper  part  of  the  Liveringa 
Group  in  Kilang  Kilang  1  approximately  correlates 
with  the  Hardman  Formation,  which  is  dated  as 
Dzhulfian  on  macrofossil  evidence  (Archbold  1993, 
1998). 

BONAPARTE  BASIN 

A  considerable  thickness  of  Permian  is  present 
in  the  offshore  Bonaparte  Basin  and  although 
no  new  work  has  been  carried  out  it  is  worth 
summarising  the  known  palynological  data.  Mory 
(1991)  provides  a  palynostratigraphic  summary, 
which  relics  heavily  on  the  unpublished  work  of 
R.  Helby  and  C.  F.  Foster.  In  essence,  up  to 
500  m  of  Upper  Permian  Hyland  Bay  Formation 
(D.  granulata  Zone  to  D.  parvithola  Zone  in  the 
present  zonal  scheme)  overlies  up  to  600  m  of 
Lower  Permian  Fossil  Head  Formation  (A/,  trisina 
to  M.  villosa  zones).  As  in  the  Canning  Basin, 
it  is  the  M.  villosa  Zone  which  is  absent  in 
some  wells.  Below  the  Fossil  Head  Formation 
lies  the  Kcyling  Formation  (P  confluens  and 
P.  pseudoreticulaia  zones)  and  the  diamictitic 
Treachery  Shale.  The  apparent  similarity  of  this 
succession  with  that  in  the  Canning  Basin  is 
remarkable. 
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Fig.  5.  Comparison  of  known  sedimentary  thicknesses  against  key  palynostratigraphic  datums  in  five  basin  areas 
in  Western  Australia. 


CONCLUSIONS 

Broad,  but  comprehensive,  correlations  based  on 
palynomorphs  allows  comparison  of  overall  rates 
of  sedimentation  between  basins  (Fig.  5).  In  the 
southern  Perth  basin,  in  the  extreme  southwest  of 
Australia,  up  to  1900  m  of  fluvial  coal  measures 
accumulated  in  the  post-Tastubian  Permian.  The 
interval  in  the  southern  Perth  Basin  that  can  be 
assigned  to  the  M.  villosa  Zone  and  higher  zones 
(approximately  the  Late  Permian)  is  significantly 
thicker  than  in  most  basinal  areas  to  the  north, 
although  the  potential  (undrillcd)  thickness  in  the 
Merlinlcigh  Sub-basin  may  be  significantly  greater 
than  that  indicated  on  Fig.  5.  The  Merlinlcigh 
Sub-basin  contains  the  thickest  Permian  succession 
with  at  least  2700  m  of  shallow  marine  sediments, 
ranging  in  age  from  Sterlitamakian  to  at  least 
Ufimian,  deposited  in  a  rapidly  subsiding  basin. 
The  M.  irisina  and  P.  sinuosus  zones  (Artinskian 
to  Kungurian)  alone  total  approximately  1500  m. 
By  contrast  the  Peedamullah  Shelf  has  little 
Permian  of  Sterlitamakian  to  Kungurian  age,  but 
up  to  500  m  (in  Candace  1)  of  sediments  estimated 
to  be  Ufimian  to  ?Dzhulfian. 


A  probable  hiatus  in  the  mid  Permian  (approx¬ 
imately  early  Ufimian  by  current  age  correlations) 
is  expressed  by  the  apparent  absence  of  the 
M.  villosa  Zone  in  the  Canning  Basin  and  by 
the  partial  absence  of  this  zone  in  the  Bonaparte 
Basin.  The  M.  villosa  Zone  is  also  part  of  a 
much  greater  interval  missing  from  the  Permian 
succession  on  the  Peedamullah  Shelf  and,  to  a 
lesser  degree,  in  the  northern  Perth  Basin.  In  the 
Merlinleigh  Sub-basin  the  A/,  villosa  Zone  is 
present  in  upper  part  of  the  Coolkilya  Sandstone, 
but  samples  from  the  overlying  units  can  be  placed 
in  the  D.  granulata  Zone,  although  palynological 
determinations  from  this  level  in  the  Merlinleigh 
Sub-basin  are  somewhat  tenuous  because  only 
cuttings  samples  arc  available.  If  a  break  is  present, 
the  most  likely  position  is  between  the  Coolkilya 
sandstone  and  the  overlying  Mungadan  Sandstone. 
Hocking  (1998)  has  recorded  such  a  sequence 
break  at  the  base  of  the  Mungadan  Sandstone  in 
the  northern  and  eastern  Kennedy  Range.  In  the 
southern  Perth  Basin  palynostratigraphic  data  is 
sparse  over  this  critical  interval.  The  results  from 
Sue  1,  shown  by  Backhouse  (1993),  suggest  a 
relatively  condensed  interval  between  the  base 
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of  the  P.  sinuosus  Zone  and  the  base  of  the 
D.  ericianus  Zone  compared  with  the  Collie  Basin, 
but  better  sampled  sections  arc  available  at  Collie. 
In  the  Collie  Basin,  Le  Blanc  Smith  (1993)  noted 
an  increase  in  vitrinitc  reflectance  in  the  middle 
of  the  Collie  Group,  but  placed  it  at  approximately 
the  base  of  the  D.  ericianus  Zone,  slightly  higher 
than  the  apparent  break  in  other  basins.  There¬ 
fore,  there  is  evidence  for  a  mid-Pcrmian  (possibly 
lower  or  mid-Ufimian)  hiatus,  of  at  least  minor 
proportions,  in  each  basin  along  the  western  margin 
of  Australia. 
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The  Tatarian  Stage  of  the  Upper  Permian  succession  on  the  Russian  Platform  has  special 
significance  in  the  history  of  stratigraphy.  In  particular  the  section  exposed  along  the  valley 
of  the  Vyatka  River,  which  forms  the  effective  stratotype  of  the  Permian  System  as  it  was 
originally  conceived  by  Murchison.  Tatarian  sediments  are  widely  distributed  on  the  Platform 
and  have  a  total  thickness  of  approximately  500  m.  They  represent  a  complex  of  deltaic  plain, 
fluviatile  and  lacustrine  deposits,  and  have  been  separated  into  three  horizons:  the  Urzhumskian 
at  the  base  forms  the  lower  Tatarian,  and  in  ascending  order,  the  Severodvinskian  and  Vyatskian 
make  up  the  upper  Tatarian. 

Plant  microfossils  are  particularly  important  in  correlating  these  deposits,  and  many  Russian 
studies  have  been  completed  over  the  past  44  years,  following  the  pioneering  study  of  Zoricheva 
&  Sedova  in  1954.  Many  of  these  studies,  however,  are  not  readily  accessed  by  those  unfamiliar 
with  the  Russian  language.  Moreover,  despite  the  considerable  volume  of  work,  no  comprehensive 
palynostratigraphic  synthesis  yet  exists.  Earlier  studies  were  concerned  with  taxonomy  of  the 
fossil  spores  and  pollen,  with  little  attention  to  their  stratigraphic  distribution;  although  it  was 
recognised  that  the  Tatarian  assemblages  had  much  in  common  with  those  from  the  underlying 
Kazanian,  but  differed  sharply  from  those  from  the  Lower  Triassic  Vetlugian  Formation. 

In  this  paper  we  discuss:  the  composition  of  the  Tatarian  palynofloras,  noting  that  disaccate 
pollen  are  the  principal  elements;  their  natural  affinities;  and  their  stratigraphic  succession.  Four 
palynological  assemblages,  designated  informally  as  zones  I  to  IV,  are  recognised,  and  key 
taxa  are  illustrated.  Selected  comparisons  with  Late  Permian  palynofloral  assemblages  from 
elsewhere  in  Europe  and  the  Salt  Range  completes  the  review.  The  appearance  of  Tatarian 
pollen  in  Gondwanan  and  Cathaysian  Permian  deposits  raises  the  question  of  parallelism  to 
explain  their  presence;  and  research  to  address  this  is  continuing. 


THE  TATARIAN  Stage  of  the  Upper  Permian 
succession  on  the  Russian  Platform  has  special 
significance  in  the  history  of  stratigraphy.  In 
particular  the  section  exposed  along  the  valley  of 
the  Vyatka  River,  forms  the  effective  stratotype  of 
the  Permian  System  as  it  was  originally  conceived 
by  Murchison.  Although  designated  as  a  Stage, 
the  type  Tatarian  is  effectively  lithostratigraphically 
defined,  as  is  any  reference  section  for  any  other 
Stage,  and  because  of  its  contained  endemic  faunas, 
and  other  non-marine  fossils,  it  has  been  regarded 
as  difficult  to  define  in  biostratigraphic  terms.  Three 
horizons  (in  Russian  usage)  are  now  generally 
recognised  within  the  Tatarian:  the  Urzhumskian  at 
the  base  forms  the  lower  Tatarian,  and  in  ascending 
order,  the  Severodvinskian  and  Vyatskian  make  up 
the  upper  Tatarian. 

Tatarian  sediments  arc  widely  distributed  on  the 
Russian  Platform  (Fig.  1)  and  have  a  total  thickness 
of  about  500  m.  The  sequence  consists  mainly 
of  continental  redbeds,  but  displays  considerable 
lithological  heterogeneity.  Its  stratigraphy  and  the 


significance  of  its  facies  variability,  in  terms  of 
depositional  environment,  have  been  described  and 
discussed  in  considerable  detail  by  Ignatiev  (1962, 
1963,  1987)  who  regarded  the  generally  regressive 
sequence  as  a  complex  of  deltaic  plain,  fluviatile 
and  lacustrine  deposits  (see  also  Gorbatkina  & 
Strok  1984;  Strok  1987;  Tvcrdokhlcbov  1987).  As 
a  result  the  fossil  invertebrate,  vertebrate  and 
macroscopic  plant  remains  represent  organisms 
adapted  to  these  specialised  environments  and  have 
proved  difficult  to  use  for  inter-regional  correlation. 
For  this  reason  palynology  assumes  particular 
importance  for  biostratigraphic  purposes,  as  spores 
and  pollen  are  plant  entities  that  are  less  subject 
to  phenotypic  responses  than  plant  foliage  and  axes. 
Palynomorphs  are  abundant  and  diverse  in  Tatarian 
sediments  and  have  been  the  subject  of  many 
publications  since  the  pioneer  study  of  Zoritcheva 
&  Sedova  (1954).  Many  subsequent  accounts  (e.g. 
Plotnikov  1964;  Kyuntzel  1965;  Sivertseva  1966b; 
Plotnikov  &  Molin  1969;  Molin  &  Muravyova 
1970;  Molin  &  Koloda  1972;  Varyuchina  et  al. 
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1981)  have  dealt  with  assemblages  from  various 
localities  on  the  Russian  Platform,  but  principally 
from  the  northern  Severnaya  Dvina  and  Mezen 
Basins.  Another  important  stratigraphical  contri¬ 
bution  is  that  of  Kyuntzel,  based  on  studies  of 
Tatarian  and  Lower  Triassic  material  from  the 
Upper  Volga  region,  carried  out  more  than  25  years 
ago,  but  only  widely  available  more  recently 
(Kyuntzel  in  Gomankov  et  al.  1986). 

All  the  above  papers  arc  in  Russian  and  many 
of  their  details  are  therefore  not  readily  accessible 
to  those  unfamiliar  with  the  language.  In  an  attempt 
to  overcome  this,  the  present  paper  summarises, 
illustrates  and  critically  interprets  some  of  the 
data  available,  so  that  they  may  be  more  widely 
disseminated  and  assessed  by  workers  in  other 
countries.  The  account  is  necessarily  brief  and 
its  conclusions  arc  not  fully  argued,  but  a  com¬ 
prehensive  monograph  is  in  preparation  by  the 
senior  author. 


SAMPLING  LOCALITIES 

Tatarian  palynological  data  are  based  on  assem¬ 
blages  recovered  from  sediments  encountered  in 
drillholes  or  sampled  in  outcrop.  Brief  details  of 
sources  mentioned  in  the  text  or  plate  captions  are 
set  out  in  Table  1  and  their  localities  indicated  on 
Fig.  1. 


DEVELOPMENT  OF  RUSSIAN  TATARIAN 
PALYNOLOGY 

Despite  the  now  considerable  volume  of  published 
work  on  the  Tatarian  no  comprehensive  palyno- 
stratigraphic  synthesis  yet  exists.  Early  workers 
were  principally  concerned  with  the  description  of 
spores  and  pollen  from  isolated  localities  and  paid 
little  attention  to  their  stratigraphic  distribution, 
although  they  recognised  that  Tatarian  assemblages 


Locality 

Description 

Horizon 

Alexandrovka 

Left  bank  of  the  Kuplya  River,  100  m  downstream  of  the  bridge  at 
v.  Novo-Alexandrovka  (Orenburg  district) 

Severodvinskian 

Aristovo 

Right  bank  of  the  Malaya  Severnaya  Dvina  River,  100  m  upstream  of  the 
Aristovo  landing  place 

Vyatskian 

Kalinovka 

Borehole  #361,  drilled  in  v.  Kalinovka  (Kostroma  district),  depth 

153.6-160.0  m 

Vyatskian 

Kitchkas 

Right  bank  of  the  Bolshoi  Uran  River,  1.5  km  north-west  of  the  bridge  at 
v.  Kitchkas  (Orenburg  district)  at  the  mouth  of  an  abandoned  mine 

Urzhumskian 

Kotelnich 

Right  bank  of  the  Vyatka  River,  13  km  downstream  of  the  town  of 

Kotelnich  (Kirov  district) 

Severodvinskian 

Luptyug 

Borehole  #529,  drilled  in  v.  Luptyug  (Kirov  district),  depth  108.1-113.7  m 

Vyatskian 

Mulino 

Right  bank  of  the  Vyatka  River  near  v.  Mulino  (Kirov  district) 

Vyatskian 

Titovo 

Borehole  #4,  drilled  1.5  km  north  of  v.  Titovo  (Vologda  district),  depth 
138.0-144.4  m 

Vyatskian 

Viled 

Borehole  #6,  drilled  in  v.  Pavlovskoye,  near  the  bridge  over  the  Viled  River 
(Arkhangelsk  district),  139.0-154.5  m 

Vyatskian 

Vostroye 

Left  bank  of  the  Sukhona  River,  opposite  v.  Vostroye  (Vologda  district) 

Urzhumskian 

Table  1.  Summary  of  localities  mentioned  in  text  and  figure  captions. 

Fig.  I.  Geographic  distribution  of  the  Urzhumskian,  Severodvinskian  and  Vyatskian  Horizons  of  the  Tatarian  Stage 
on  the  Russian  Platform.  Sample  localities  (numbered):  1,  Viled;  2,  Aristovo;  3,  Vostroye;  4,  Titovo;  5,  Kalinovka; 
6,  Luptyug;  7,  Mulino;  8,  Kotelnich;  9,  Kitchkas;  10,  Alexandrovka  (see  Table  1). 
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had  much  in  common  with  those  of  the  Kazanian 
and  differed  sharply  from  those  of  the  overlying 
Lower  Triassic  Vetlugian  Formation.  In  addition, 
despite  their  morphographic  emphasis,  most  of  the 
older  papers  cannot  be  used  with  confidence  today, 
as  they  provide  neither  detailed  descriptions  nor 
adequate  illustrations  of  the  plant  microfossils 
recognised. 

A  further  difficulty  is  that,  until  relatively 
recently,  no  stable  palynological  systematic  pro¬ 
cedures  have  been  accepted  generally  in  Russia. 
Prior  to  about  1970  it  was  general  practice  to  refer 
many  dispersed  palynomorph  species  to  plant 
macrofossil,  or  even  extant,  genera.  Thus  disaccate 
pollen  was  referred  to  conifers  or  Caytonia, 
and  monosulcate  grains  to  ‘ginkgocycadophytes’ 
although  Zauer  (1960a)  recognised  that  taeniate 
disaccate  pollen  derived  from  extinct  plant  groups, 
and  attributed  it  to  ’pteridosperms’.  Current  opinion 
is  that  the  assemblages  studied  by  Zauer  are  of 
Kazanian  rather  than  Tatarian  age. 

These  systematic  practices  gave  rise  to 
misleading  nomenclature  and  resulted  in  the  the 
proliferation  of  taxa  with  imprecise  diagnoses, 
which  could  not  be  used  by  later  Russian,  let  alone 
foreign,  workers.  Dubious  or  erroneous  assig¬ 
nations  were  also,  at  times,  used  as  a  basis  for 
highly  speculative  palaeofloristic  reconstructions 
(c.g.  Zoricheva  &  Sedova  1954;  Sivertscva  1966a) 
which,  not  unexpectedly,  do  not  survive  critical 
appraisal.  An  exception  may  be  the  discussion  by 
Zauer  et  al.  (1969)  who  analysed  Late  Permian 
assemblages  from  the  Russian  Platform  in  relation 
to  those  from  coeval  strata  in  Siberia  and  India 
and  concluded  that  the  three  regions  were  phyto- 
geographically  distinct  at  that  time.  Meycn  (1973, 
1979)  subsequently  supported  this  view,  arguing 
that  obvious  and  pronounced  morphographic  simi¬ 
larities  between  many  of  the  palynomorph  taxa 
from  the  three  regions  were  the  result  of  widespread 
parallelism,  in  plant  groups  that  were  not  closely 
related  (see  further  discussion  below). 

Palynological  contributions  that  are  relevant  to 
Tatarian  studies,  although  they  relate  to  other 
stages  of  the  Permian  or  to  different  palaeo- 
phytogeographical  provinces,  include  the  papers  of 


Samoilovich  (1953),  Sedova  (1956)  and  Zauer 
(1960b),  as  well  as  the  monographs  of  Luber 
&  Waltz  (1941),  Andreyeva  ct  al.  (1956),  and 
Varyukhina  (1971).  More  recently  three  mono¬ 
graphs  have  appeared  (Virbitskas  1983;  Tuzhikova 
1985;  Yaroshenko  et  al.  1991)  that  provide  adequate 
descriptions  of  several  species  that  are  widespread 
in  the  Tatarian  Stage,  but  again  they  deal  with 
areas  remote  from  the  Russian  Platform. 

The  systematics  and  stratigraphic  distribution  of 
pollen  grains  of  the  Wfta/i'na-complex,  which  are 
so  characteristic  of  Permian  deposits  of  the  Russian 
Platform,  have  been  documented  to  a  certain  extent 
by  Dyupina  (1975),  Stanitchnikova  (1980)  and 
Koloda  (1986b,  1989)  but  more  detailed  treatment 
is  still  necessary.  Also,  the  classification  of  taeniate 
pollen  proposed  by  Efremova  (1966)  has  been 
widely  adopted,  but  the  names  of  the  new  genera 
that  she  proposed  are  junior  synonyms. 


COMPOSITION  OF  TATARIAN 
PALYNOFLORAS 

General 

Disaccate  pollen  grains  are  the  principal  elements 
of  Tatarian  assemblages  from  the  Russian  Platform. 
Undoubtedly  eusaccate  pollen  (sehsu  Foster  1979) 
are  rare  in  the  Late  Palaeozoic  and  all  the  saccate 
Tatarian  genera  appear  to  be  protosaccate  (as 
defined  by  Scheming  1974)  or  quasisaccate  (in  the 
sense  of  Meyen  1987),  although  in  compressed 
specimens  it  is  admittedly  difficult  to  be  completely 
sure  of  the  saccus  infrastructure  without  TEM  data. 
Most  of  these  disaccate  forms  have  a  cappa  on 
which  the  exoexine  is  divided  by  clefts  into 
longitudinal  bands.  Russian  workers  recognise  two 
groups  within  pollen  displaying  such  a  structure. 
Genera  such  as  Lunatisporiles,  in  which  the 
exoexinal  strips  are  separated  by  relatively  broad 
bands  of  exposed  intexine  (see  Foster  1983),  are 
said  to  be  taeniate;  and  those  in  which  the  clefts 
are  narrow  and  slitlike  (e.g.  Strialoabieites )  are 
referred  to  as  ribbed. 


Fig.  2.  A,  Striatopodocarpites  sp.,  specimen  No.  4552/371-4-60.  Aristovo,  X1000.  B,  Strialopodocarpites  sp.. 
specimen  No.  4388/507-39,  Kotelnich,  xIOOO.  C,  Proiohaploxypinus  aff.  limpidus  (Balme  &  Hennelly)  Balme 
&  Playford,  specimen  No.  4388/1-3-1-72,  Mulino,  xIOOO.  D,  Lueckisporites  sp.  nov.  (?),  specimen  No.  4100/ 
100-4-28,  Vostroye,  x500.  E,  Piceapollenites  sp.,  specimen  No.  3765/38-39-2,  Kalinovka,  xIOOO.  F,  G,  pollen 
grains  intemiediate  between  Lueckisporites  and  Scutasporites:  F,  specimen  No.  3774/5-10-92,  Viled,  xIOOO;  G, 
specimen  No.  4388/1-3-1-750,  Mulino,  x500. 
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Ribbed  disaccate  pollen  genera 

Ribbed  haploxylonoid  saccate  pollen  of  the  Proto- 
haploxypinus-lypc  predominates  in  the  assemblages 
and  have  been  referred  to  numerous  invalid  genera 
such  as  Striatolebachites ,  Striatopiceites  and 
Striatopinites.  These  pollen  display  a  wide  range 
of  variability  in  such  details  as  size,  number  of 
ribs  and  details  of  saccus  infrastructure.  Most 
specimens  bear  a  general  resemblance  to  those 
illustrated  by  Balme  (1970)  as  Protohaploxypinus 
Umpidus  (Balme  &  Hennelly)  Balme  &  Playford 
(cf.  Fig.  2C)  but  are  sufficiently  different  to  justify 
regarding  them  as  a  new  species.  They  are  fairly 
small  (50-60  pm  along  the  longitudinal  axis)  with 
5-8  frequently  wedging  ribs  separated  by  narrow, 
usually  branching  clefts  and  in  many  specimens  a 
short  monolcte  tetrad  scar  is  visible  at  the  proximal 
pole.  A  characteristic  feature  of  the  form  is  that 
the  central  portion  of  the  ribbed  cappa  is  frequently 
lost  in  its  entirety,  presumably  by  detachment  along 
a  peripheral  ring  tenuitas  (see  Foster  &  Gomankov 
1994).  Isolated  cappae,  when  dispersed,  bear  a 
superficial  resemblance  to  ribbed  asaccate  genera 
such  as  Vittatina,  Fusacolpiles  and  Weylandites. 

Diploxylonoid  protosaccatc  pollen  are  rep¬ 
resented  in  the  Tatarian  by  Striatopodocarpites 
(Fig.  2A),  in  which  the  sacci  are  wider  trans¬ 
versely  than  the  corpus,  and  which  also  possess  a 
marginal  ring  tenuitas  on  the  cappa.  Species  of 
Striatoabieites ,  with  longitudinally  elongate  corpi 
and  relatively  small,  narrow  sacci  arc  also  common 
although  they  belong  to  a  morphon  that  includes 
specimens  that  might  reasonably  be  referred  to 
Protohaploxypinus  jacobii  (Jansonius),  Proto¬ 
haploxypinus  sainoilovichiae  (Jansonius)  Hart  and 
even,  possibly,  to  Lunatisporites  ( =Taeniaesporites ). 

Taeniate  disaccate  pollen 

Lueckisporites,  Scutasporites  and  Lunatisporites  are 
the  main  taeniate  genera,  although  Lunatisporites 
is  not  common  prior  to  the  Early  Triassic  Vctlugian 
and  is  represented  in  the  Tatarian  only  by 
Lunatisporites  pellucidus  (Goubin)  Foster.  Most 


specimens  of  Lueckisporites  are  attributable  to 
Lueckisporites  virkkiae  Potonid  &  Klaus  and 
conform  to  Norm  A  of  Visscher  (1971;  see 
Fig.  3B).  Lueckisporites  Norms  Be  and  C,  known 
from  the  middle  and  upper  West  European 
Zcchstein  (Visscher  1973),  are  not  present,  which 
may  suggest  that  the  Tatarian  is,  on  this  evidence, 
older  than  much  of  the  Zcchstein  (see  further 
discussion  below).  An  unusual  form  of  Luecki¬ 
sporites  with  small  protosacci  (Fig.  2D)  occurs  in 
the  Urzhumskian  and  should  probably  be  recog¬ 
nised  as  a  new  species.  Another  Tatarian  form 
(Figs  2F,  G),  that  has  not  been  recognised  else¬ 
where,  shares  characters  with  Scutasporites  and 
Lunatisporites.  Like  the  former  genus  it  is  tri- 
taeniate  but  the  central  taenia  is  divided  by  a 
longitudinal  cleft  that  reaches  the  margin  of  the 
cappa.  It  might  justifiably  form  the  basis  of  a 
new  genus. 

Scutasporites  pollen  (or  more  properly  the  plant 
alliance  that  produced  it)  may  have  evolved  in 
the  Russian  Platform  region  during  the  Tatarian. 
from  an  ancestor  with  Lueckisporites  pollen  and 
subsequently  colonised  western  Europe  in  Zcchstein 
time.  However,  the  morphographic  lineage  des¬ 
cribed  from  the  European  Zechstein  by  Visscher 
(1971)  in  which  he  related  Lueckisporites. 
Guttulapollenites  and  Stellapollenites  cannot  be 
traced  in  the  Tatarian  or  in  Angaraland. 
Lueckisporites  virkkiae  occurs  as  a  stable  entity 
throughout  the  Upper  Permian  of  the  Kuznetsk 
and  Tungus  Basins,  where  it  probably  ranges  into 
the  Early  Triassic  (Meyen  1981a;  Yaroshenko 
1990).  This  apparent  stasis  is  another  example  of 
the  phenomenon  of  ‘extra-equatorial  persistence’ 
(see  Meyen  1992). 


Disaccate  pollen  with  an  entire  cappa 

Several  form  genera  of  disaccate  pollen  lacking 
both  ribs  and  taeniae  arc  prevalent  in  the  Tatarian. 
Forms  resembling  the  haploxylonoid  genus  Piceae- 
pollenites,  which  could  equally  well  be  assigned 
to  Alisporites  ( s.l .),  are  especially  common  and 


Fig.  3.  A,  Vesicaspora  aerifera  (Andreyeva)  Hart,  specimen  No.  3773/1458-1-3,  Alcxandrovka,  xlOOO.  B, 
Lueckisporites  virkkiae  Potonid  &  Klaus,  specimen  No.  4100/100-4-213,  Vostroye,  xlOOO.  C,  Vesicaspora  ex  gr. 
magnates  (Andreyeva)  Hart,  specimen  No.  4388/1 -3- 1 -5 1 6,  Mulino,  xlOOO.  D,  Lunatisporites  pellucidus  (Goubin) 
Balme.  specimen  No.  4564/47-1-166,  Luptyug,  xlOOO.  E,  Platysaccus  sp„  specimen  No.  4388/1 -3- 1 -586,  Mulino. 
x500.  F,  Cedripites  priscus  (7)  Balme.  specimen  No.  4552/371-4-148,  Aristovo,  x500.  C,  Piceapolleniles  sp„ 
specimen  No.  4388/1-3-1-182,  Mulino,  x300.  H,  Piceapolleniles  sp„  specimen  No.  4552/371-4-108,  Aristovo,  x500. 
I,  Vitreisporites  pallidus  (Rcissinger)  Nilsson,  specimen  No.  3765/38-39-146,  Kalinovka,  xlOOO.  J.  Cladaitinal  sp., 
specimen  No.  4388/507-80,  Kotelnich,  xlOOO.  K,  Cordailina  sp.,  specimen  No.  4388/1-3-1-1,  Mulino,  x500. 
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diverse,  and  include  several  that  appear  to  be 
undescribed  species  (Figs  2E,  3G,  H).  Pollen  grains 
of  the  Platysaccus- type  (Fig.  3E)  are  also  rnorpho- 
graphically  varied. 

Specimens  of  Cedripiles  are  usually  identified 
as  Cedripites  priscus  Balme,  but  it  would  be 
interesting  to  compare  them  with  the  various 
species  of  fossil  dispersed  pollen  grains  that  Zauer 
(1954)  attributed  to  Cedrus.  Two  came  from 
Kazanian  sediments  from  the  Russian  Platform 
and  one  of  these  ( Cedrus  densireliculata  Zauer) 
appears  similar  to  the  Tatarian  form. 

Specimens  that  are  optically  indistinguishable 
from  Vitreisporites  pallidus  (Reissinger)  Nilsson 
(Fig.  31)  arc  widespread  and  readily  identifiable 
by  their  small  size.  Most  Mesozoic  specimens  of 
Vitreisporites  (including  possibly  the  type  species 
V.  signatus  Lcschik)  are  caytonialean,  but  similar 
pollen  has  been  recovered  from  the  salpinx  of  the 
seed  of  a  Permian  pcltasperm  (Gomankov  &  Meyen 
1986). 

The  name  Vesicaspora  has  been  used  by  workers, 
in  Russia  and  elsewhere,  as  a  broad  category  to 
include  a  variety  of  forms,  many  of  which  do 
not  conform  closely  to  the  Carboniferous  type 
( Vesicaspora  wilsonii  Schemel)  which,  although 
bilaterally  symmetrical,  is  clearly  monosaccate.  It 
may  also  be  eusaccale,  as  it  derives,  at  least  in 
part,  from  the  Callistophytales,  whose  pollen  are 
demonstrated  by  TEM  to  be  eusaccate  (Stidd  & 
Hall  1970;  Osborn  &  Taylor  1994).  As  far  as  can 
be  judged  all  the  Tatarian  specimens  referred 
to  Vesicaspora  arc  protosaccate.  They  fall  into 
two  groups,  the  first  of  which  is  provisionally 
designated  Vesicaspora  ex  gr.  V.  magnalis 
(Andreyeva)  Hart.  It  makes  up  a  plexus  of  grad¬ 
ational  forms  that  include  specimens  resembling 
V.  magnalis  (Andreyeva)  Hart,  V.  ovata  (Balme 
&  Hennelly)  Hart  and  V.  potoniei  (Lakhanpal,  Sah 
&  Dube)  Hart,  three  species  that  need  revision 
to  determine  whether  they  may  be  reliably 
distinguished  (Gomankov  &  Meyen  1980).  Their 
morphologic  relationship  to  the  Gondwanan  genus 
Scheuringipollenites  Tiwari  also  needs  to  be 
examined.  Other  specimens  in  the  first  group  may 
represent  undescribed  species  (Fig.  3C)  but  have 
not  yet  been  studied  in  detail.  The  second  group 
comprises  the  single  species  Vesicaspora  aerifera 
(Andreyeva)  Hart  which  is  distinguished  on  the 
basis  of  the  proportions  of  corpus  and  saccus  and 
the  characteristic  structure  of  its  exoexine. 


Monosaccate  pollen 

Monosaccate  pollen  is  uncommon  in  the  Tatarian 


and  therefore  difficult  to  systematise.  Specimens 
assignable  to  Cordailina  arc  illustrated  in  Fig.  3K, 
and  Cladaitina,  the  pollen  of  the  rufloriaceous 
genus  Cladostrobus  lutuginii  Zalessky,  may  also  be 
present  (Fig.  3J).  Cladaitina  has  been  previously 
interpreted  as  saccate  (see  Maheswari  &  Meyen 
1975)  although  it  does  not  display  clear  mesexinous 
alveolate  structure  and  should  more  properly  be 
regarded  as  cavate. 


Ribbed  asaccate  pollen 

Asaccate  pollen  grains  with  longitudinal  proximal 
ribs,  or  modifications  of  ribs  arc  for  convenience 
almost  all  assigned  to  Vittatina,  although  a  rigorous 
revision  of  their  systematics  is  urgent.  The  initial 
problem  in  any  reconsideration  of  the  genus  is 
uncertainty  concerning  the  detailed  morphology  of 
the  type  species,  Vittatina  subsaccata  Samoilovich 
ex  Wilson.  The  holotype,  which  came  from  the 
Kungurian  of  the  Cis-Urais,  has  been  lost  and  is 
known  only  from  a  single  retouched  photomicro¬ 
graph,  taken  in  distal  view.  Koloda  (1986a,  1989, 
and  pers.  comm.),  who  has  attempted  to  clarify 
Vittatina  systematics,  believes  that  the  leptoma  in 
V.  subsaccata  is  divided  into  two  by  a  transverse 
exoexinal  strip,  as  in  the  specimen  illustrated  here 
in  Fig.  4J,  or  Vittatina  costabilis  Wilson  (sec  Wilson 
1962).  The  argument  is  not  totally  convincing  how¬ 
ever,  as  her  SEM  illustration  of  V.  subsaccata , 
showing  the  subdivided  distal  leptoma  was  of  a 
specimen  from  the  Kazanian  of  the  Soyana  River. 
Further  examination  of  topotype  specimens  from 
Samoilovich’s  locality  is  necessary  to  resolve  these 
difficulties.  Koloda’s  studies  have  nevertheless 
demonstrated  that  all  forms  of  Vittatina  have  a 
distal  leptoma  which  presumably  functioned  as  an 
aperture,  bordered  by  an  exoexinal  marginal  strip. 
In  some  specimens  the  leptoma  consists  of  a 
uniform  broadly  oval  area,  in  others  it  is  divided, 
as  in  the  specimen  she  illustrated  as  V!  subsaccata 
Samoilovich  ex  Wilson,  by  a  transverse  band  of 
unmodified  exoexine,  that  passes  through  the  distal 
pole. 

Diversity  within  the  WrmnVia-complex  is  mainly 
manifested  by  variations  in  the  patterns  developed 
in  the  distal  marginal  exoexine  and  its  distribution 
in  relation  to  the  leptomate  areas.  They  fall  into 
the  following  categories: 

(a)  Specimens  with  an  unpattemed  leptoma  and 
exoexine  (Figs  4a,  b,  i)  and  in  which  the  marginal 
exoexinal  strip  either  maintains  a  constant  width 
(Figs  4a,  i)  or  is  expanded  at  the  longitudinal 
extremities  of  the  grain  (Fig.  4b). 
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(b)  Grains  in  which  the  leptoma  is  unpattemed 
but  the  exoexine  is  subdivided  by  narrow  sub¬ 
parallel  or  anastomosing  clefts  which  create  patterns 
of  transverse  ribs  (Figs  4d,  e)  or  pseudoverrucae 
(Figs  4c,  j).  The  pattern  may  be  present  on  the 
entire  distal  exoexine  (Fig.  4e),  or  confined  to 
expansions  in  the  longitudinal  area  (Fig.  4d).  In 
their  broad  morphography  the  grains  illustrated  by 
Fig.  4d  resemble  the  genus  Weylandites  Bharadwaj 
&  Srivastava,  but  Foster  el  al.  (1994)  compared 
examples  of  the  Gondwanan  genus  with  similarly 
structured  Angaran  specimens  of  Vittatina  and 
demonstrated  that  they  differ  in  details  of  cxocxina! 
structure.  In  the  Gondwanan  species  the  ribs  appear 
smooth  and  structureless,  whereas  those  in  the 
Angaran  show  a  faint  scabrate  pattern  rellecting 
the  fine  perforation  of  the  exoexine  observed  by 
Koloda  (1986a). 

(c)  Specimens  with  patterns  of  faint  transverse 
(Figs  4g,  h)  or  oblique  ribs  (Fig.  4f)  within  the 
leptoma.  Koloda  (1986a)  proposed  the  generic 
name  Duplivittatina  to  accommodate  such  forms 
but  it  has  not  yet  been  validly  published.  The 
grains  illustrated  in  Figs  4a-c  conform  to  the 
genus  Ventralvittatina  Koloda,  although,  as  implied 
earlier,  the  distinction  between  this  taxon  and 
Viitaiina  (j.j.)  needs  elucidation. 

(d)  In  several  forms,  subprotosacci  are  present 
at  the  lateral  extremities  of  the  exoexine  (Figs 
4b,  c,  g,  j),  apparently  as  a  result  of  differential 
thickening,  following  the  development  of  mesex- 
inous  alveolate  tissue.  The  same  feature  was 
discussed  by  Abramova  &  Marchenko  (1964)  who 
suggested  that  there  was  a  continuous  transition 
from  Viuatina  to  protodisaccate  genera  such  as 
Striatoabieites. 

Ribbed  asaccate  pollen  grains  are  almost  as 
common  in  the  Tatarian  as  Protohaploxypinus,  but 
less  obviously  varied.  Specimens  referable  to 
Ventralvittatina  vittifera  (Luber)  Koloda  (Fig.  5F) 
and  Vittatina  elegans  Zauer  ex  Varjuchina  (Figs 
51,  J)  are  characteristic  of  the  Urzhumskian.  In  the 


Sevcrodvinskian  and  Vyatskian  the  most  abundant 
variants  of  Vittatina  have  pseudoverrucate  ribs  and 
a  tranverse  band  of  exoexine  dividing  the  leptoma 
(Fig.  6D)  and  have  usually  been  assigned  to 
Vittatina  subsaccata  f.  connectivalis  Zauer.  How¬ 
ever,  if  Koloda  is  correct  in  her  interpretation  of 
the  structure  of  Samoilovich’s  holotype,  the  name 
V.  subsaccata  f.  connectivalis  is  superfluous  and 
they  should  be  simply  designated  V(  subsaccata. 
The  Sevcrodvinskian  and  Vyatskian  also  yield  rare 
specimens  which  arc  recognised  as  new  species 
of  Weylandites:  IV'  tataricus  Gontankov  (Figs  5A, 
B;  see  Gomankov  1996)  and  Weylandites  sp. 
(Fig.  5C). 

Silicate  pollen 

Two  types  of  sulcate  pollen  occur  sporadically  in 
the  Tatarian.  One  is  a  form  of  Cycadopites  with 
a  scabrate  margo  (Figs  5D,  E)  that  appears  to 
differentiate  it  from  any  existing  species.  The  other 
(Figs  5G,  H)  is  a  radiosymmetrical,  quadrisuleate, 
grain  broadly  similar  to  Praecolpatites  Bharadwaj 
&  Srivastava  but  sufficiently  distinct  in  geometric 
form  to  justify  its  recognition  as  a  new  genus, 
Mulinopollenites  (for  details  see  Gomankov  1996). 


Cryptogam  spores 

Relative  to  ribbed  and  tacniate  pollen,  spores 
are  minor  and  poorly  diversified  components  of 
Tatarian  assemblages.  Simple  radiosymmetrical 
trilete  forms  are  the  most  common.  Some  with 
a  circular  amb  are  smooth  and  similar  to,  but 
smaller  and  with  shorter  laesura  than,  Calamospora 
landiana  Balme  (Fig.  6C),  others  bear  small, 
closely  packed  coni  and  conform  to  Osmundacidites 
(Fig.  6J).  Unstructured  specimens  with  a  triangular 
amb  belong  predominantly  to  Neoraistrickia  and 
bear  a  sculpture  of  heavy  bacula  (Fig.  6A), 
but  an  unusual  form,  Brevilriletes  subangaricus 
Gomankov  (1996;  Figs  6G,  H)  with  a  distal 
sculpture  of  large  contiguous  coni  and  a  smooth 
proximal  face,  is  present  in  small  numbers. 


Fig.  5.  A.  B,  Weylandites  tataricus  Gomankov  (cf.  Fig.  4e),  xlOOO:  A,  specimen  No.  4388/507-154  in  polar 
view,  Kotelnich;  B,  specimen  No.  4364/47-1-24  in  equatorial  view,  Luptyug.  C,  Weylandites  sp.  nov.  2  (cf. 
Fig.  4tl),  specimen  No.  3774/5-10-183,  Vilcd,  xlOOO.  D,  E,  Cycadopites  sp.  nov.  (?),  specimens  Nos.  3765/ 
38-39-74  and  3765/38-39-51,  Kalinovka;  xlOOO.  F,  Ventralvittatina  vittifera  (Luber)  Koloda,  specimen  No.  4100/ 
100-4-145,  Vostroyc,  xlOOO.  G,  It,  Mulinopollenites  bonus  Gomankov,  Mulino,  xlOOO:  G,  specimen  No.  4388/ 
1-3-1-183;  H,  specimen  No.  4388/1-3-1-67.  1,  J,  Ventralvittatina  elegans  (Zauer  ex  Varjuchina),  specimen  No. 
4100/100-1-226,  Voslroye:  I,  x500;  J,  xlOOO. 
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Structured  trilete  spores  include  cingulate  forms 
resembling  Limatulasporites  fossulatus  (Balme) 
Foster  &  Helby  (Fig.  6F)  and  zonate  specimens 
that  may  represent  an  undescribed  species  of 
Kraeuselisporites  (Fig.  61).  The  simple  monolete 
genus  Punctatosporites  is  represented  by  a  small, 
finely  scabrate  species  (Fig.  6B). 


Palynomorphs  of  uncertain  origin 

Alete,  subcircular  or  distorted  bodies  (Fig.  6E) 
of  uncertain  origin  occur  fairly  commonly  and 
persistently.  They  are  variable  in  size,  and  in  the 
thickness  and  pattern  of  folding  of  the  wall.  They 
have  usually  been  considered  to  be  pollen  grains 
and  recorded  as  Azonaletes  or  Laricoidites,  but 
an  algal  origin  is  equally  likely  and  it  would  be 
more  appropriate  to  treat  them  as  leiosphaerid 
acritarchs. 


AFFINITIES  OF  DISPERSED 
PALYNOMORPHS 

General 

Few  fossil  plant  localities  are  known  fom  the 
Urzhumskian  but  several  comprehensive  accounts 
(Gomankov  &  Meyen  1986;  Gomankov  1986; 
Gomankov  et  al.  1986)  deal  with  macrofossil  floras 
of  the  Severodvinskian  and  Vyatskian  Horizons,  the 
so-called  Tatarina-Flora.  In  these  studies  special 
emphasis  was  paid  to  in  situ  (or  juxta  in  situ) 
occurrences  of  spores  and  pollen  grains.  These  were 
extracted  from  sporangia  and  seed  micropyles  and 
some  coprolites  were  also  processed.  Data  obtained 
have  enabled  some  generalisations  concerning  the 
composition  of  late  Tatarian  floras  (Gomankov 
1992a)  as  at  each  collecting  locality  the  order  of 
abundance  of  the  various  macrofossil  groups 
matches  that  of  their  related  dispersed  microfossil 
taxa.  This  suggests  that  in  the  absence  of  macro¬ 


fossils  it  may  be  possible,  at  least  in  som<; 
situations,  to  use  palynomorphs  to  assess  the  broaq 
composition  of  their  parent  plant  communities.  Suc^ 
extrapolation  obviously  has  limitations,  however,  as 
it  requires  detailed  knowledge  of  the  affinities  Of 
the  dispersed  palynomorphs  and  clear  understanding 
of  the  sedimentary  mechanisms  by  which  they  were 
deposited. 


Ribbed  pollen 

Peltasperms  from  which  the  leaf  genus  Tatarirh, 
and  the  female  structure  Peltaspermopsis  deriveq 
are  thought  to  have  produced  pollen  of  both 
the  Protoluiploxypinus-  and  Vittatina- type.  The 
evidence  is  convincing  although  still  indirect, 
The  synangium  Perrnotheca  striatifera  Gomankov 
&  Meyen  occurs  in  constant  association  with 
Tatarina  although  it  is  not  known  in  direct 
attachment.  It  has  yielded  pollen  resembling 
Protohaploxypinus  limpidus,  as  well  as  occasional 
specimens  of  the  Striatopodocarpites- type.  Such 
variability  is  unsurprising  but  serves  as  a  reminder 
that  minor  differences  in  the  morphography  of  fossil 
dispersed  (particularly  saccate)  pollen  may  have  no 
significant  biological  implications.  Pollen  referable 
to  P.  limpidus  ( s.l .)  has  also  been  recovered  front 
the  nticropyle  of  Salpingocarpus  bicomutus  Meyen 
and  Salpingocarpus  variabilis  Meyen.  S.  variabilis 
ovules  are  known  from  specimens  in  organic 
connection  with  Peltaspermopsis  fructifications, 
which  arc  inferred  to  belong  to  the  same  plant 
as  Tatarina  leaves,  because  of  their  closely  similar 
epidermal  structures  and  constant  stratigraphic 
association.  Another  interesting  occurrence  of 
abundant  P.  limpidus  ( s.l.\  see  Fig.  2C)  in  associ¬ 
ation  with  Tatarina- type  cuticles,  was  in  a  small 
coprolite  described  by  Gomankov  et  al.  (1986). 
Although  not  impossible,  it  seems  unlikely  that  the 
browsing  herbivore  was  selectively  eating  leaves 
from  one  plant  and  sporangia  from  another,  and 
so  it  is  a  reasonable  inference  that  the  pollen  and 
cuticles  came  from  the  same  plant. 


Fig.  6.  A,  Neoraistrickial  sp„  specimen  No.  4388/507-83,  Kotelnich,  xlOOO.  B,  Punctatosporitesl  sp„  specimen 
No.  3782/252a-177,  Titovo,  xlOOO.  C,  Calamospora  aff.  landiana  Balme,  specimen  No.  4552/371-4-70.  Aristovo, 
xlOOO.  D,  Vittatina  subsaccata  Samoilovich,  pollen  grain  in  equatorial  view  (cf.  Fig.  4j),  (he  rectangular  contour 
at  the  lower  left  is  an  imprint  of  pyrite  crystal,  specimen  No.  4388/1-3-1-17,  Mulino,  xlOOO.  E,  Laricoidites  sp., 
specimen  No.  4564/47-1-54,  Luptyug,  xlOOO.  F,  ? Limatulasporites  fossulatus  (Balme)  Helby  &  Foster,  specimen 
No.  3774/3-a-49-22,  Viled,  xlOOO.  G,  H,  Brevitriletes  subangaricus  Gomankov,  Mulino,  xlOOO:  G,  spore  in  polar 
view,  specimen  No.  4388/1-3-1-328;  H,  spore  in  equatorial  view,  specimen  No.  4388/1-3-1-473.  I.  Kraeuselisporites 
sp.  nov.  (?),  specimen  No.  4552/371-4-184,  Aristovo,  xlOOO.  J,  Osmundacidite s?  sp.  nov.,  specimen  No.  4388/ 
1-3-1-412,  Mulino,  xlOOO. 
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Peltasperms  also  produced  Vittatina-type  pollen. 
It  has  been  found  in  masses  beneath  the  cupulate 
heads  of  two  specimens  of  Peltaspentiopsis 
buevichiae  (Meyen  &  Gomankov)  Gomankov  (cf. 
Fig.  6D)  and,  at  the  same  locality,  in  the 
sporangium  Pennotheca  Iviliaiinifera  Meyen  & 
Gomankov  and  in  ovules  of  Salpingocaqnis 
variabilis  in  association  with  Protohaploxypinus. 
The  fact  that  at  least  some  specimens  of  Vittatina 
and  Protohaploxypinus  were  probably  produced 
by  the  same  plants  might  be  expected,  in  view  of 
the  many  examples  of  dispersed  pollen  showing 
characters  transitional  between  the  two  genera.  It 
must  of  course  be  emphasised  that  Vittatina  and 
Protohaploxypinus  first  appear  in  the  Carboniferous 
(Dyupina  1975)  and  that  the  latter  genus  has  also 
been  recorded  in  situ  from  Gondwanan  glossopterid 
sporangia  (Pant  &  Nautiyal  1960).  Their  occurrence 
as  dispersed  specimens  cannot  therefore  be  regarded 
as  specific  evidence  for  the  undoubted  presence  of 
peltasperms. 


Taeniate  disaccate  pollen 

Lueckisporites  has  been  recorded  in  situ  from 
Permian  and  Triassic  conifers  and  putative  conifers 
in  Western  Europe  (Clemcnt-Wcsterhof  1987;  Klaus 
1966).  Meyen  (1981a)  suggested  that  some  species 
of  the  lebachiacean  Quadrocladus  also  produced 
this  pollen-type,  based  on  the  intimate  association 
between  both  remains,  including  pollen  adhering 
to  cuticle,  from  some  Siberian  localities.  Later  work 
on  Tatarian  assemblages  from  the  Russian  Platform 
discovered  many  grains  transitional  between 
Lueckisporites  and  Scutasporites,  confirming  the 
initially  suggested  association.  Scutasporites  unicus 
Klaus  is  present  in  sporangia  of  the  lcbachiaceous 
microstrobilatc  structure  Dvinostrobus  sagittalis 
Gomankov  &  Meyen,  which  is  in  turn  related 
through  comparison  of  cuticular  characters,  to 
Quadrocladus  foliage  and  Sashinia  polyspertns. 


Disaccate  pollen  with  an  entire  cappa 

Pollen  from  the  cardiolepidaceous  sporangium 
Permotheca  vesicasporoides  Meyen,  Esaulova  & 
Gomankov  is  protodisaccate,  haploxylonoid,  with 
a  distal  sulcus  (Meyen,  Esaulova  &  Gomankov,  in 
Gomankov  &  Meyen  1986)  and  strictly  conforms 
to  the  genus  Falcisporites,  but  it  also  falls  within 
the  concept  of  Vesicaspora  ex  gr.  magnalis  used 
earlier  in  this  account  (cf.  Fig.  3C).  Esaulova's 
specimens  were  from  the  Kazanian  of  the  Kama 
region,  and  occurred  in  association  with  macrofossil 


plant  remains  consisting  entirely  of  Phylladodenna 
leaves.  Similar  sporangia  containing  the  same 
pollen  are  present  in  the  Tatarian,  where  they 
are  also  associated  with  Pliylladoderma  leaves 
which  arc  recognised  as  the  separate  subgentis 
Aequistomia.  The  peltate  capsule  Cardiolepis  and 
the  seed  Nucicarpus  are  also  thought  to  belong  t0 
the  samc  plant. 

There  is  some  indirect  evidence,  from  thejr 
constant  association,  that  Vesicaspora  aerifera  and 
the  small-leaved  (Mcyen’s  sulcial)  cordaitanthalcan 
foliage  Cordaites  clercii  Zalessky,  derived  from  the 
same  plant.  On  the  Russian  Platform  the  leaves 
are  known  from  only  one  Tatarian  locality,  where 
V.  aerifera  is  also  abundant,  although  elsewhere  in 
the  Russian  Permian  sulcial  cordaitanthalcan  leaves 
usually  occur  together  with  monosaccate  pollen  of 
the  Cordaitina-ly\ic.  The  fact  that  Potonieisporites 
and  Cordaitina,  the  two  monosaccate  genera  known 
to  have  been  produced  by  cordaitanthaleans,  arc 
entirely  absent  from  the  locality  of  C.  clercii  also 
provides  some  negative  support  for  its  relationshhip 
with  V.  aerifera.  It  is  perhaps  significant  too  that 
the  type  locality  of  V.  aerifera,  in  the  lower  part 
of  the  Upper  Permian  Leninskaya  Suite  in  the 
Kuznetsk  Basin  (Andreyeva  ct  al.  1956),  yielded 
a  variety  of  sulcial  cordaitanthalcan  foliage. 

Monosulcate  pollen 

Little  can  be  confidently  inferred  concerning  the 
biological  affinities  of  the  dispersed  monocolpatc 
genus  Cycadopites  (Figs  5D,  E),  al  least  in  the 
absence  of  TEM  data.  It  is  especially  abundant 
at  one  Tatarian  locality  where  the  remains  of  the 
presumed  leptostrobalean  leaves  Sphenarion  are 
common  and  it  is  also  possibly  the  pollen  of  pelta¬ 
sperms  with  Glossophyllum  foliage  and  Stiphorus 
polysperms.  Cycadopites  has  been  recorded  in  situ 
from  the  pcltaspcrmaceous  microstrobilis  Antevsia 
(Townrow  1960;  see  Balmc  1995  for  summary), 
but  similar  pollen  is  known  to  have  been  pro¬ 
duced  by  extinct  members  of  the  Ginkgoales, 
Bennettitales,  Cycadales,  Gnetales,  Pentoxylales  and 
magnoliopsids. 

Cryptogam  spores 

By  inference,  the  dispersed  specimens  of  Calamo- 
spora  are  degraded  spores  of  equisetopsids,  stems 
of  which  are  represented  in  the  Tatarian  by 
Neocalamites.  The  Kraeuselisporites- type  zonate 
spores  (Fig.  61)  arc  characteristically  lycopsid  and 
may  have  originated  from  the  plants  that  possessed 
Fasciostomia  leaves. 
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All  known  fossil  in  situ  occurrences  of  the  genus 
Punctatosporites  are  from  marattiaceous  synangiatc 
structures,  so  there  is  little  doubt  that  the  small 
forms  present  here  were  the  spores  of  a  member 
of  the  Marattiaceae,  which  probably  produced  the 
foliage  from  the  upper  Vyatskian  described  as 
Pecopteris  sp.  by  Gomankov  &  Meyen  (1986). 
Osmundacidites  and  Neoraistrickia  are  almost 
certainly  fdicopsid  but  their  closer  affinities  cannot 
be  judged. 


TATARIAN  PALYNOSTRATIGRAPHIC 
SEQUENCE 

Tatarian  playnomorph  assemblages  do  not  differ 
in  any  obviously  essential  way  from  those  of  the 
Kazanian,  and  no  apparent  aspects  of  Tatarian 
palynology  enable  plant  microfossils  to  provide  a 
reliable  zonal  scheme  for  any  precise  biostrati- 
graphic  subdivision  of  the  Stage.  The  assemblages 
certainly  vary  widely  in  both  their  quantitative  and 
qualitative  compositions,  but  these  variations  cannot 
be  securely  interpreted  at  the  level  of  current 
understanding  of  the  factors  that  influence  them. 
Throughout  the  succession  it  is  possible  to  identify, 
with  a  degree  of  subjectivity,  a  few  broad  trends 
in  the  relative  abundances  of  certain  forms  and 
on  this  basis  the  following  sequence  of  four 
palynological  assemblages-zones  has  been  tenta¬ 
tively  recognised,  although  they  have  not  been 
formally  named. 


Zone  I 

This  occurs  in  strata  corresponding  roughly  to  the 
Urzhumskian.  Its  lower  boundary  marks  the  dis¬ 
appearance  of  Hamiapollenites  and  Limitisporites 
and  the  appearance  of  pollen  of  the  Weylandites- 
type  with  a  wide  distal  leptoma,  species  of 
Lueckisporilcs  (including  L.  virkkiae  and  a  dis¬ 
tinctive  undescribcd  form  with  greatly  reduced 
sacci)  and  the  large  ribbed  disaccate  species 
Protohaploxypinus  samoilovichiae  and  Lt  mati- 
sporites  pellucidus.  Variants  of  Vittatina,  including 
V.  elegans  and  those  that  Kolcxla  described  as 
Ventralvittatina  (V  vitlifer)  and  Dupliviltatina  spp. 
are  characteristic  elements  of  this  zone. 


Zone  II 

The  second  zone  is  found  in  the  lower  part  of 


the  Severodvinskian  Horizon.  Ventralvittatina  and 
Dupliviltatina  are  no  longer  present,  nor  is  the 
heteromorph  of  Lueckisporites  with  small  sacci. 
The  earliest  occurrence  of  Vesicaspora  aerifera  and 
spores  resembling  Limatulasporites  fossulatus  are 
in  this  assemblage  where  they  are  associated  with 
the  presumed  cordaitalean  pollen  genera  Cladaitina, 
Cordaitina  and  ‘Florinites’ . 


Zone  III 

This  spans  the  upper  Severodvinskian  and  lower 
Vyatskian.  Its  assemblages  are  similar  to  those  of 
Zone  II  except  that  they  contain  very  few  examples 
of  Cladaitina,  Cordaitina  and  ‘Florinites’  and 
Neoraistrickia  sp.  is  also  very  rare.  A  few  speci¬ 
mens  of  Scutasporites  unicus  Klaus  have  also  been 
recorded  from  this  Zone. 


Zone  IV 

Cedripites  priscus,  Mulinopollenites  bonus ,  Krae- 
uselisporites  sp.  and  Punctatosporites  sp.  appear 
for  the  first  time  in  the  upper  Vyatskian  Horizon. 
These  species  arc  all  fairly  distinctive  and  provide 
a  firmer  basis  for  a  provisional  definition  of 
the  Zone  than  do  the  criteria  that  characterise 
Zones  I— III. 

The  magnitude  of  the  stratigraphic  hiatus 
between  the  Tatarian  and  overlying  Vctlugian  on 
the  Russian  Platform  has  been  the  subject  of  some 
controversy.  Gomankov  (1992a)  suggested  that  the 
break  represented  almost  all  of  the  Upper  Permian 
Dzulfian  and  Dorashamian  Stages  as  well  as  the 
basal  Griesbachian,  a  time  span  of  about  5  million 
years.  Others  believe  the  interval  to  be  considerably 
shorter.  Lozovskiy  (1992)  correlated  the  Tatarian 
with  the  Dzulfian,  and  Foster  &  Jones  (1994) 
used  evidence  from  conchostracans  and  palynology 
to  argue  that  it  also  encompassed  much  of  the 
Dorashamian. 

Whatever  the  resolution  of  this  debate  there 
is  no  question  that  a  strong  palynological  break 
occurs  between  the  Vyatskian  and  Vctlugian.  It  is 
marked  by  the  virtual  disappearance  of  Vittatina 
and  a  sharp  decline  in  Protohaploxypinus.  Species 
of  Lunatisporites  arc  abundant  in  the  Vctlugian, 
Ephedripites ,  Cycadopites  and  Strotersporitcs  arc 
common  and  Klausipollenites  scliaubergeri  occurs 
for  the  first  time.  The  lycopsid  spore  genera 
Densoisporites  and  Lundbladispora  are  also  signi¬ 
ficant,  as  they  arc  in  Early  Triassic  assemblages 
throughout  the  World. 
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RELATIONS  BETWEEN  PLANT 
MICROFOSSIL  AND  MACROFOSSIL 
REMAINS 

Data  on  plant  macrofossils  and  their  distribution 
in  the  Tatarian  of  the  Russian  Platform  are  un¬ 
even.  Disparate  and  well-preserved  associations  of 
fronds,  axes,  reproductive  structures  and  other 
plant  entities  are  known  from  the  many  localities 
in  the  Severodvinskian  and  Vyatskian  (Gomankov 
&  Meycn  1986).  Bryophytes,  lycopsids,  equi- 
setopsids  and  filicopsids  are  well  represented  but 
the  floras  are  particularly  characterised  by  an 
abundance  and  diversity  of  peltasperms  and 
conifers.  By  contrast  few  plant  fossil  localities 
have  been  found  in  the  Urzhumskian  and  the  floras, 
although  less  well  documented,  appear  impover¬ 
ished  relative  to  those  of  the  upper  Tatarian.  They 
are  dominated  by  odonlopteroid  and  dicranophylloid 
foliage  and  shoots  referred  tentatively  to  Geinitzia. 

The  pronounced  differences  between  macrofossil 
floras  from  the  lower  and  upper  Tatarian  arc  not, 
as  was  noted  earlier,  matched  in  the  palynofloras, 
which  are  essentially  similar  throughout  the 
succession.  This  could  simply  reflect  taphonomic 
factors,  in  that  the  dispersed  plant  microfossils 
were  principally  produced  by  plants  which 
otherwise  left  no  fossil  record  and  that  the  macro- 
fossils  belonged  to  specialised  plant  communities, 
growing  in  circumstances  that  favoured  their 
selective  preservation.  However,  at  least  in  the 
upper  Tatarian,  there  appears  to  be  a  significant 
correspondence  between  the  abundance  of  particular 
pollen  taxa  and  macroscopic  fragments  of  the  plants 
that  were  believed  to  have  produced  them  (e.g. 
Tatarina  and  the  Protohaploxypinus-Vittalina  com¬ 
plex).  This  suggests  that,  to  some  degree,  the 
palynomoqrhs  and  plant  megafossils  that  occur 
together  represent  remains  of  the  same  plants.  If 
this  is  also  true  of  the  early  Tatarian  associations, 
it  must  be  assumed  that  the  parent  plants  of  the 
older  specimens  of  Protoluiploxypinus  and  Vittatina 
were  peltasperms  that  bore  odoptonteroid  foliage. 
If  so,  the  implications  arc  that  evolution  within 
this  lineage  of  the  Peltaspermales  was  manifested 
by  rapid  phenotypic  response  in  foliar  organs,  while 
the  pollen  morphology  remained  conservative. 


COMPARISON  WITH  LATE  PERMIAN 
ASSEMBLAGES  FROM  ELSEWHERE 

Utting  &  Piasecki  (1995)  provide  a  comprehensive 
account  of  Permian  palynofloras  of  the  Northern 
Hemisphere,  and  as  a  consequence  our  review  here 


is  limited.  The  Late  Permian  was  a  time  maximum 
global  palaeofloristic  differentiation  (Mcyen  1987), 
and  therefore  few  close  correspondences  between 
plant  microfossil  assemblages  from  widely 
separated  geographical  regions  might  be  predicted. 
But  we  also  note  that  global  palynological  data 
have  not  yet  been  fully  and  critically  assessed. 
Moreover,  the  quantitative  composition  of  recovered 
spore-pollen  floras,  even  within  a  single  plant 
province,  can  fluctuate  markedly,  reflecting  effects 
of  environmental,  prcservalional  or  evolutionary 
pressures  on  the  parent  flora:  the  difficulty  is  in 
distinguishing,  time  significant  events. 

Primacy  for  correlation  may  be  given  to  first 
appearance  datums  (FAD),  although  use  of  FADs 
can  be  selective.  In  this  study  for  example  the 
FAD  of  Scutasporitcs  is  in  Zone  III,  but  in 
East  Greenland  Scutasporiles  first  appears  in  the 
ViMa/iha- Assemblage  (Balme  1979),  which,  com- 
positionally,  is  most  like  older  Zone  I  palynofloras 
from  the  Urzhumskian  Horizon. 

In  the  Late  Palaeozoic  the  Russian  Platform 
formed  part  of  the  transitional  Sub-Angaran  palaeo¬ 
floristic  province,  which  extended  around  the 
margins  of  Angaraland  (Meycn  1987;  Gomankov 
&  Meyen  1986).  Palynological  assemblages  gen¬ 
erally  sharing  common  features  with  those  of  the 
Upper  Permian  of  the  Russian  Platform  and 
Urals  Foredccp  have  been  described  from  East 
Greenland  (Balme  1979;  Piasecki  1984),  Svalbard 
(Mangerud  &  Konieczny  1993),  the  Finnmark 
Platform.  Barents  Sea  (Mangerud  1994),  and  the 
Canadian  Arctic  Archipelago  (Utting  1989,  1994). 
Because  of  uncertainties  concerning  the  chrono- 
stratigraphic  relationships  of  the  Tatarian  with  these 
Arctic  sequences,  it  is  difficult  to  interpret  the 
palynological  data  in  palaeofloristic  terms. 

The  Virtn/mn- Assemblage  of  East  Greenland 
(Balme  1979),  is  characterised  by  the  high  con¬ 
tent  (7-37%)  of  various  species  of  Vittatina,  by 
the  taeniatc  disaccate  pollen  of  Protohaploxypinus, 
Striatoabieites  and  Lunatisporites  ( al .  Taeniae- 
sporites),  and  the  virtual  absence  of  trilete  spores. 
Quantitatively  it  is  undoubtedly  similar  to  the 
associations  found  in  Zone  I,  described  from  the 
Urzhumskian.  But  as  noted  above,  members  of  the 
genus  Scutasporiles  (the  key  to  younger  Zone  111) 
also  occurs  in  the  Wt/a/fna- Assemblage,  in  associ¬ 
ation  with  the  ammonoid  Cyclolobus  which 
indicates  a  Dzulfian  age  (sec  Utting  &  Piasecki 
1995;  Nassichuk  1995).  Wc  are  left  with  the 
dilemma:  are  the  correlative  Russian  Zone  I  palyno¬ 
floras  of  Dzulfian  age,  or  using  the  current  FAD 
of  Scutasporitcs,  is  the  base  of  Zone  Ill  (from  the 
upper  Sevcrodviskian  and  lower  Vyatskian)  of 
Dzulfian  age.  Alternatively,  the  true  FAD  for 
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Scutasporites  on  the  Russian  Platform  may  not 
yet  be  established.  At  present  correlation  with 
Zone  1/11  is  favoured. 

Studies  from  the  Permian  of  Arctic  Canada 
(Utting  1989,  1994;  Utting  ct  al.  1997)  show  that 
the  FAD  of  Scutasporites  occurs  in  older  rocks  of 
Wordian  age  (Kazanian  correlatives  based  on  faunal 
evidence — see  Utting  1994).  Utting  ct  al.  (1997) 
compared  palynofloras  from  older  (prc-Tatarian) 
Ufimian-Kazanian  type  sequences  of  the  Russian 
Platform  with  those  from  the  Canadian  Arctic  and 
other  circumpolar  areas  such  as  the  Barents  Sea 
and  Greenland.  They  concluded  that  significant 
palaeoclimatic  differences  affected  the  respective 
parent  floras,  such  that  'there  is  little  basis  for 
correlation’  ...  based  on  palynofloras. 

Mangerud  (1994)  has  provided  comprehensive 
and  excellently  illustrated  documentation  of  the 
palynology  of  Permian  and  Lower  Triassic  strata 
encountered  in  offshore  drillholes  on  the  Finnmark 
Platform,  Barents  Sea.  The  youngest  Permian 
strata  are  equivalent  to  the  upper  part  of  the 
Tempelfjorden  Group  and  encompass  Biozonc  XV 
(Buggc  el  al.  1995),  which  was  correlated  by 
Mangerud  (1994)  with  the  Kazanian(?)-Tatarian 
of  the  Russian  Platform.  The  upper  age  range 
(?Tatarian)  for  the  Scutasporites  sp.  cf.  S.  unicus- 
Lunatisporites  sp.  Concurrent  Range  Zone,  is 
based  on  the  Russian  (Tatarian)  records  of  Scuta¬ 
sporites,  Lunatisporites  and  Lueckisporites  virkkiae 
(Mangerud  1994).  But  precise  correlation  with 
Zones  I— IV  is  not  yet  possible.  Correlation  with 
other  European  Permian  palynofloras,  including 
those  from  the  Zechstein,  is  discussed  by  Utting 
&  Piasecki  (1995). 

From  the  spore-pollen  assemblages  of  the 
Chhidru  Formation,  Salt  Range,  Balme  (1970) 
suggested  that  the  parent  flora  ‘appears  to  have 
transitional  characters  and  includes  Gondwanid, 
European,  Russian  and  Madagascan  elements’. 
This  was  a  pivotal  study  allowing  correlation 
between  the  different  phytogeographic  provinces. 
Taxa  in  common  with  the  Tatarian  include  gymno- 
sperm  pollen  ( Lueckisporites  virkkiae,  Lunati¬ 
sporites  noviaulensis,  Vitreisporites  pallidus),  and 
amongst  the  trilcte  spores,  particularly  from 
Zone  IV,  Limatulasporites  (al.  Nevesisporites) 
fossulatus,  Kraeuselisporites  spp.,  Ostnundacidites 
senectus  and  Calamospora  landiana.  There  are 
however  significant  differences  in  some  miospore 
age-ranges:  taxa  from  the  Upper  Chhidai  ( Klausi - 
pollenites  schaubergeri,  Densoisporites,  Lundbla- 
dispora)  appear  on  the  Russian  Platform  only  in 
the  Early  Triassic.  Again  no  precise  correlation  is 
possible,  and  further  study  is  needed  urgently. 

Tatarian  spore-pollen  taxa  have  been  recognised 


in  more  remote  phytogcographic  provinces,  namely 
Cathaysia  and  Gondwana  (e.g.  Ouyang  1 982;  Foster 
1979;  Foster  et  al.  1994).  However,  because  known 
plant  macrofossils  from  these  respective  phyto¬ 
geographic  provinces  (Sub-Angara,  Cathaysian, 
Gondwanan)  arc  morphologically  different,  and  it 
has  been  shown  that  different  plant  groups  may 
produce  apparently  identical  pollen,  the  occurrence 
of  shared  taxa  has  been  attributed  to  convergence 
(or  parallelism;  see  Meyen  1981b,  1982).  Remark¬ 
ing  on  this  phenomenon,  Utting  &  Piasecki  (1995) 
concluded  ‘Although  such  convergence  may  have 
occurred,  it  seems  unlikely  that  it  would  have  been 
widespread.  An  alternative  explanation  may  be  that 
unrecognised  affinities  exist  between  plant  groups 
from  Gondwana  and  Sub-Angara.’ 

Whatever  the  answer,  these  views  emphasise 
the  need  for  continuing,  active,  and  international 
studies  of  the  both  palynofloras  and  associated 
macroflora. 
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Conodonts  have  been  derived  from  the  marine  shallow-water  deposits  of  the  Kazanian 
Stage  and  contain  the  multielement  species  of  Sweetina,  Merrillina  and  Stepanovites.  On  the 
base  of  the  occurrence  of  Sweetina  triticum  Wardlaw  &  Collinson,  1986  the  Lower  Kazanian 
substage  may  be  compared  with  the  uppermost  Roadian  and  Lower  Wordian  deposits  of 
North  America.  The  Upper  Kazanian  substage  containing  Merrillina  divergensl  (Bender  & 

Stoppcl,  1965)  and  Stepanovites  meyeni  Kozur  &  MovSovic,  1975  may  be  correlated  with  the 
Upper  Wordian,  and  possibly  with  the  lowermost  Capitanian. 


CONODONT  study  in  the  Upper  Permian  slrato- 
type  sections  was  conducted  by  the  authors  during 
the  last  three  years.  Conodonts  have  been  recovered 
from  the  marine  shallow-water  Kazanian  deposits, 
predominantly  from  limestones  and  dolomites 
which  commonly  contain  pelecypods  and  brachio- 
pods.  The  weight  of  samples  studied  for  deriving 
the  conodonts  from  the  outcrops  was  about  50- 
100  kg  and  from  coreholcs  was  1  kg.  Conodont 
faunas  of  the  Kazanian  Stage  contain  the  multi¬ 
element  apparatuses  consisting  of  a  spathognathi- 
form  element  (Pa),  an  ozarkodiniform  element  (Pb), 
a  three-limbed  hibbardelliform  element  (Sa),  a 
neoprioniodiniform  element  (M)  and  hindeodelli- 
form  elements  (Sb,  Sc).  These  elements  have 
allowed  us  to  determine  the  multielement  species 
of  Sweetina,  Merrillina  and  Stepanovites. 

The  Lower  Kazanian  in  the  type  area  consists 
of  grey  marine  carbonate  and  terrigenous  deposits 
about  60  m  thick.  Conodont  faunas  were  recovered 
from  the  limestones  of  the  lower  part  of  the 
succession  (Baitugan  bed)  from  seven  outcrops 
and  seven  boreholes  (Figs  1,  2).  The  set  of  the 
elements  has  allowed  us  to  define  in  this  part  of 
the  section  the  multielement  apparatuses  of 
Sweetina  triticum  Wardlaw  &  Collinson,  1986 
(Figs  3A-Q,  4A-H).  It  is  possible  that  this  strati¬ 
graphic  interval  contains  some  new  species  of 
Sweetina  and  Merrillina,  however  for  the  evidence 
of  such  conclusion  the  additional  material  is 
required. 

The  Upper  Kazanian  substage,  in  the  investigated 
sections  of  the  stratotype  area,  is  about  60  m  thick 
and  consists  of  grey,  predominantly  marine  carbon¬ 
ate  and  carbonate-terrigenous  deposits.  Conodont 
faunas  were  recovered  from  dolomitic  limestones 
containing  diverse  marine  invertebrates  from 
three  outcrops  and  one  borehole.  'Hie  allocated 


complex  of  conodont  elements  has  allowed  us 
to  establish  two  species:  Merrillina  divergensl 
(Bender  &  Sloppel,  1965)  (Figs  4I-X,  5A-E)  and 
Stepanovites  meyeni  Kozur  &  MovSoviD,  1975 
(Figs  5F-V,  6A-0).  In  the  majority  of  the  samples 
these  species  were  determined  together,  therefore 
the  assumption  about  probable  generic  unity  of 
these  two  genera  and  species  (Swift  1986)  should 
not  be  excluded. 


DISCUSSION 

Sweetina  triticum  Wardlaw  &  Collinson  is  wide¬ 
spread  in  marine  shallow-water  deposits  of  the 
Roadian  and  Lower  Wordian  of  North  America 
(Wardlaw  &  Collinson  1986;  Kozur  1995). 
Merrillina  divergens  (Bender  &  Stoppcl)  is  wide¬ 
spread  in  the  Zechstein  deposits  of  Germany, 
Great  Britain  and  Poland  (Bender  &  Stoppcl  1965; 
Jordan  1969;  Szaniawski  1969;  Swift  &  Aldridge 
1982,  1985;  Swift  1986).  Wardlaw  &  Collinson 
(1986)  on  the  basis  of  a  study  of  the  conodonts 
from  the  Phosphoria  Formation  have  established 
the  stratigraphic  range  of  this  species  within 
the  Upper  Wordian  and  lowermost  Capitanian. 
Stepanovites  meyeni  Kozur  &  MovSoviC  was 
described  for  the  first  time  by  Kozur  (1975)  from 
the  Upper  Kazanian  deposits  of  the  north  of  the 
East-European  platform.  The  discovery  of  this 
species  allowed  Kozur  to  compare  the  Upper 
Kazanian  with  the  Lower  Capitanian  of  North 
America.  Afterwards  he  has  revised  the  interval 
of  the  distribution  of  this  species  and  concluded 
that  Stepanovites  meyeni  is  characteristic  for  the 
Upper  Roadian  and  Lower  Wordian  shallow-water 
deposits  of  the  Boreal  realm  including  Cis-Urals 
(Kozur  1995). 


137 


138 


V.  G.  CHAL1MBADIA  AND  V.  V.  SILANTIEV 


In  our  opinion,  on  the  basis  of  the  occurrence 
of  Sweetina  trilicum  Wardlaw  &  Collinson,  the 
Lower  Kazanian  of  the  East-European  platform  can 
be  compared  with  the  uppermost  Roadian  and 
Lower  Wordian.  The  Upper  Kazanian  containning 


Merrillina  divergens  (Bender  &  Stoppel)  and 
Stepanovites  meyeni  Kozur  &  MovSovic  may  be 
correlated  with  the  Upper  Wordian,  and  possibly 
the  lowermost  Capitanian. 


49°50' 


Fig.  1.  Localities  yielding  samples  of  Upper  Permian  conodonts.  Stratolype  and  main  sections  of  the  Kazanian 
Stage:  1— Pechischi;  2— Morkvashi;  3— Chistopol;  4 — Bersut;  5— Sentyak;  6— Elabuga;  7— Prosti;  8— Kolosovka; 
9 — Borok;  10 — Katnischla. 
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Conodonts 


Merrillina  divergens 

(Bend,  et  Stopp.) 

Stepanovites  meyeni 

Kozur  et  MovS. 


Merrillina  sp. 
Stepanovites  sp. 


ISweetina  tritica 

WardL  et  Coll. 


Localities 

1,2 

1,2,3,16 


4-15,  17 


Fig.  2.  Distribution  of  conodonts  in  the  Kazanian  Stage  of  the  type  area  and  stratigraphic  position  of  the 
conodont  localities. 
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Fig.  3  (see  legend  on  page  144) 
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Fig.  4  { see  legend  on  page  144) 
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Fig.  5  (see  legend  on  page  144) 
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Fig.  6  (see  legend  on  page  144 ) 
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Legends  to  Figs  3-6. 

Fig.  3.  Sweelina  triticum  Wardlaw  &  Collinson,  1986  (all  views  x55).  A,  lateral  view,  Pa  element,  Gfv] 
KSU  40/101,  loc.  S.  B,  lateral  view.  Pa  element,  GM  KSU  40/102,  loc.  5.  C,  lateral  view.  Pa  element 

GM  KSU  40/103,  loc.  14.  D,  posterolateral  view,  Pb  element,  GM  KSU  40/104,  loc.  5.  E,  posterolateral  view 

Pb  element,  GM  KSU  40/105,  loc.  14.  F,  dorsal  view,  Sa  element,  GM  KSU  40/106,  loc.  6.  G,  lateral  view’ 

Sa  element,  GM  KSU  40/107,  loc.  5.  H.  lateral  view,  Sa  element,  GM  KSU  40/108,  loc.  5.  I,  lateral  view 

Sa  element,  GM  KSU  40/109,  loc.  6.  J,  lateral  view.  Sc  element,  GM  KSU  40/112,  loc.  5.  K,  lateral  view 

Sc  element,  GM  KSU  40/110,  loc.  6.  L,  lateral  view.  Sc  element,  GM  KSU  40/111,  loc.  8.  M,  lateral  view’ 

Sb  element.  GM  KSU  40/113.  loc.  8.  N,  lateral  view,  Sb  element,  GM  KSU  40/114,  loc.  5.  O,  lateral  view 

Sb  element,  GM  KSU  40/115,  loc.  6.  P,  lateral  view.  Sb  element,  GM  KSU  40/116,  loc.  8.  Q,  lateral  view 

Sb  element.  GM  KSU  40/117,  loc.  8. 


Fig.  4.  A-H,  Sweelina  triticum  Wardlaw  &  Collinson,  1986  (all  views  x55).  A,  posterior  view,  M  element, 
GM  KSU  40/118,  loc,  5.  B,  posterior  view,  M  element,  GM  KSU  40/119,  loc.  5.  C,  posterior  view,  M  element' 

GM  KSU  40/120,  loc.  5.  D,  posterior  view,  M  element,  GM  KSU  40/121.  loc.  14.  E,  posterior  view,  M  element’ 

GM  KSU  40/122,  loc.  5.  F,  posterior  view,  M  element,  GM  KSU  40/123,  loc.  9.  G,  posterior  view,  M  element 

GM  KSU  40/124,  loc.  9.  H,  posterior  view,  M  element,  GM  KSU  40/125,  loc.  6.  I-X,  Merrillina  divergent 
(Bender  &  Stoppel,  1965)  (all  views  x55).  1,  inner  view.  Pa  clement.  GM  KSU  40/126,  loc.  I.  J,  inner  view 
Pa  element.  GM  KSU  40/127,  loc.  I.  K,  inner  view.  Pa  element,  GM  KSU  40/128.  loc.  I.  L,  inner  view 
Pa  element,  GM  KSU  40/129.  loc.  2.  M,  lateral  view.  Pb  element,  GM  KSU  40/130,  loc.  I.  N,  posterior  view 
Sa  element.  GM  KSU  40/133,  loc.  1.  O,  lateral  view.  Pb  element,  GM  KSU  40/132,  loc.  I.  P,  anterolateral  view 
Sa  element,  GM  KSU  40/134,  loc.  2.  Q,  lateral  view,  Pb  element,  GM  KSU  40/131,  loc.  1.  R.  anterolaterai 
view,  Sa  element,  GM  KSU  40/135,  loc.  I.  S,  posterolateral  view,  Sb  element,  GM  KSU  40/136,  loc.  1 
T,  posterolateral  view.  Sc  element,  GM  KSU  40/137,  loc.  1.  U,  posterolateral  view,  Sb  element,  GM  KSU  40/142! 
loc.  1.  V,  posterolateral  view,  Sb  element,  GM  KSU  40/141,  loc.  I  W,  posterolateral  view.  Sc  element,  GM 
KSU  40/138,  loc.  1.  X,  posterolateral  view.  Sc  element,  GM  KSU  40/140,  loc.  1. 

Fig.  5.  A-E,  Merrillina  divergensl  (Bender  &  Stoppel,  1965)  (all  views  x55).  A,  lateral  view.  Sc  element, 
GM  KSU  40/143,  loc.  1.  B,  lateral  view.  Sc  element,  GM  KSU  40/144,  loc.  I.  C,  posterior  view,  M  element’ 
GM  KSU  40/147,  loc.  1.  D,  posterior  view,  M  element,  GM  KSU  40/146,  loc.  1.  E,  lateral  view,  Sc  clement 
GM  KSU  40/145,  loc.  1.  F-V,  Stepannvites  meyeni  Kozur  &  MovSovic,  1975  (all  views  x55).  F,  lateral  view 
Pb  element,  GM  KSU  40/148,  loc.  1.  G,  lateral  view,  Pb  element,  GM  KSU  40/149,  loc.  1.  H,  posterior  view’ 
Sa  element,  GM  KSU  40/150,  loc.  1.  1,  lateral  view,  Sa  element,  GM  KSU  40/151,  loc.  1.  J,  lateral  view! 
Sc  element.  GM  KSU  40/156,  loc.  8.  K,  lateral  view.  Sc  clement,  GM  KSU  40/155.  Ioc.  8.  L,  lateral  view 

Sb  element,  GM  KSU  40/152,  loc.  1.  M,  lateral  view.  Sc  element,  GM  KSU  40/153,  loc.  I.  N,  lateral  view 

Sb  element,  GM  KSU  40/154,  loc.  I.  O.  lateral  view.  Pb  element,  GM  KSU  40/157,  loc.  I.  P,  lateral  view 

Pb  element,  GM  KSU  40/160,  loc.  2.  Q,  lateral  view,  Pb  element,  GM  KSU  40/158.  loc.  2.  R,  lateral  view 

Pb  element.  GM  KSU  40/159,  loc.  2.  S,  posterior  view,  Sa  clement,  GM  KSU  40/162,  loc.  I.  T,  anterior  view 
Sa  element,  GM  KSU  40/161,  loc.  2.  U,  lateral  view.  Sc  element.  GM  KSU  40/163,  loc.  2.  V,  lateral  view 
Sc  element,  GM  KSU  40/164,  loc.  2. 


Fig.  6.  Stepanovites 
KSU  40/165,  loc.  2. 
KSU  40/176,  loc.  1 
KSU  40/169,  loc.  I. 
KSU  40/171,  loc.  I. 
KSU  40/173,  loc.  2. 
KSU  40/175,  loc.  I. 
KSU  40/174,  loc.  2. 
KSU  40/179,  loc.  2. 


meyeni  Kozur  &  MovgoviC,  1975  (all  views  x55).  A,  lateral  view.  Sc  clement,  GM 
B,  lateral  view,  Sb  element.  GM  KSU  40/166,  loc.  2.  C,  lateral  view.  Sc  element,  GM 

D,  lateral  view,  Sb  element,  GM  KSU  40/167,  loc.  2.  E.  lateral  view,  Sb  element,  GM 

F,  lateral  view.  Sc  element,  GM  KSU  40/170,  loc.  2.  G,  lateral  view,  Sc  element!  GM 

H,  lateral  view.  Sc  element,  GM  KSU  40/172,  loc.  1.  1,  lateral  view.  Sc  element,  GM 

J,  lateral  view,  Sb  element,  GM  KSU  40/168,  loc.  2.  K,  lateral  view.  Sc  element!  GM 

L,  anterior  view,  M  element,  GM  KSU  40/178,  loc.  2.  M,  lateral  view,  Sb  element,  GM 

N,  lateral  view  Sc  element,  GM  KSU  40/177,  loc.  2.  O,  posterior  view,  M  element,  GM 
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Based  on  the  stratigraphic  distribution  of  ammonoids  and  fusulinids  the  Middle  Permian 
sequence  in  the  South  Kitakami  is  correlated  with  those  of  South  China,  Southern  Primorye 
and  American  Midcontinent.  Colania  kotsuboensis  ( Neoschwagcrina  margaritae )  Zone  and 
I^epidolina  multiseptata  Zone  of  Japan,  both  of  which  contain  Capitanian  ammonoids  Timorites 
and  Cibolites,  may  be  corrclatable  with  the  lower  Capitanian  {Polydiexodina- bearing  horizon) 
and  upper  Capitanian  (Pa/iema-bearing  horizon),  respectively. 


AMMONOIDS  frequently  occur  in  shallow  marine 
Permian  strata  and  provide  a  powerful  tool  for 
stratigraphic  correlation.  Fusulinids  are  another 
tool  and  arc  often  more  useful  than  ammonoids, 
because  they  are  very  abundant  in  calcareous 
strata  and  often  more  diverse  than  ammonoids. 
Fusulinids,  however,  sometimes  show  not  only 
latitudinal  but  also  longitudinal  faunal  differences 
(Ozawa  1987;  Ross  1995)  and  have  presented 
problems  concerning  precise  faunal  correlation 
between  the  various  provinces  (Ross  1995).  For 
example.  Middle  Permian  fusulinids  in  the  Tethyan 
province  and  those  of  American  Midcontinent  have 
separate  zonations,  although  they  were  both  in  the 
equatorial  belt  during  Permian  time.  On  the  other 
hand  the  longitudinal  faunal  differences  of  Permian 
ammonoids  are  not  so  marked  and  can  compensate 
for  this  deficiency. 

In  this  paper  I  examine  the  stratigraphic  distri¬ 
bution  of  ammonoids  and  fusulinids  of  the  Middle 
Permian  sequences  in  the  South  Kitakami  Belt, 
Japan,  and  attempt  to  correlate  the  Middle  Permian 
fusulinid-bearing  formations  in  the  South  Kitakami 
with  those  of  American  Midcontinent,  South  China 
and  Southern  Primorye  based  mainly  on  the 
ammonoid  fauna. 


MIDDLE  PERMIAN  AMMONOID- 
AND  FUSULINID-BEARING  FORMATIONS 
IN  THE  SOUTH  KITAKAMI  BELT 

Permian  strata  arc  widely  distributed  in  the  South 
Kitakami  Belt,  especially  in  the  southern  part 
of  the  Kitakami  Massif,  Northeast  Japan  (Fig.  1). 


They  are  composed  of  shallow  marine  sediments, 
such  as  conglomerate,  sandstone,  shale  and  lime¬ 
stone.  The  Permian  of  this  region  is  stratigraphically 
divided  in  ascending  order  into  the  Sakamotozawan, 
Kanokuran  and  Toyoman  Series.  The  Middle 
Permian  Kanokuran  Series  comprises  lower 
Kattisawan  Stage  and  upper  Iwaizakian  Stage.  In 
the  type  area,  the  Kattisawan  Stage  consists  mainly 
of  calcareous  sandstone  and  the  Iwaizakian  Stage 
of  limestone.  'Hie  lithofacies,  however,  change 
laterally  in  the  belt  and  shales  are  rather  dominant 
in  many  districts.  The  calcareous  facies  of  the 
Kanokuran  Series  yield  many  fossils  such  as 
fusulinids,  crinoids,  corals,  bryozoas,  brachiopods 
and  molluscs.  The  Middle  Permian  formations  in 
the  following  three  districts  (see  Fig.  1)  yield  rich 
fusulinid  fauna  in  association  with  ammonoids. 


Setamai  district 

This  district  is  in  the  central  part  of  the  South 
Kitakami  Belt.  Along  and  around  the  Kanokurasawa 
River,  west  of  Setamai,  the  type  locality  of  the 
Kanokuran  Scries,  the  Permian  sequence  is  divided 
in  ascending  order  into  the  Sakamotozawa,  Kano- 
kura  and  Kowaragi  Formations.  The  Sakamotozawa 
Formation  is  composed  mainly  of  sandstone  and 
shale  in  the  lower  part  and  limestone  in  the 
middle-upper  part,  but  limestone  of  the  upper¬ 
most  part  sometimes  changes  laterally  to  sandstone. 
The  lower  part  of  the  Kanokura  Formation 
(Kattisawan  Stage),  which  conformably  overlies 
the  Sakamotozawa  Formation,  consists  of  con¬ 
glomeratic  sandstone,  calcareous  sandstone  and 
shale  with  subordinate  amounts  of  intercalated 
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pre-Permian  rocks 


Permian  formations 


Mesozoic  formations 


~  t 


Cretaceous  granitic  rocks 


Fig.  I.  Index  map  of  the  study  area, 
the  South  Kitakami  Belt,  Japan. 


limestone  (Fig.  2).  The  upper  part  of  the  formation 
(Iwaizakian  Stage)  is  made  up  largely  of  limestone. 
The  uppermost  part  of  the  limestone  contains 
calcareous  shale,  which  grades  laterally  into  shale 
of  the  lower  part  of  the  Kowaragi  Formation. 
The  Kowaragi  Formation  is  dominated  by  massive 
sandy  shale,  but  contains  intraformational  con¬ 
glomerate  in  its  lower  part.  The  Sakamotozawa  and 
Kanokura  Formations  yield  rather  rich  fusulinid 
faunas  except  for  the  lowermost  parts  of  both. 
Fusulinid  biostratigraphy  of  the  Sakamotozawan 
and  Kanokuran  Scries  was  studied  by  Choi 
(1973).  The  uppermost  fusulinid  zone  in  the 
Sakamotozawan  Series  (Kabayaman  Stage)  is  the 
Pseudofusulina  fusiformis  Zone,  which  is  character¬ 


ised  by  the  common  occurrence  of  P.  ambigua 
(Deprat),  P.  fusiformis  (Shellwien  &  Dyhrenfurth) 
in  association  with  Misellina  claudiae  (Deprat). 
The  Kattisawan  Stage  of  the  Kanokuran  Series 
includes  two  fusulinid  zones,  namely  the  Mono- 
diexodina  matsubaishi  Zone  and  overlying  Colania 
kotsuboensis  Zone,  and  the  Iwaizakian  Stage  has 
the  Lepidolina  multiseptata  Zone.  M.  matsubaishi 
Zone  is  characterised  by  abundant  occurrence  of 
M.  matsubaishi  (Fujimoto)  and  yields  Cancellina 
sp.  in  its  lower  part.  C.  kotsuboensis  Zone  contains 
C.  kotsuboensis  Choi  and  Pseudodoliolina  spp. 
L.  multiseptata  Zone  is  defined  by  the  occurrence 
of  Lepidolina  spp.,  such  as  L.  multiseptata  (Deprat), 
L.  kumaensis  Kanmera  and  L.  minatoi  Choi,  but 


Fig.  2.  Generalised  columnar  section,  major  fusulinid  ranges  and  ammonoid  datum  of  the  Middle  Permian  in  the 
Setamai  district.  Column  (modified)  and  fusulinid  data  are  taken  from  Choi  (1973). 
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the  first  appearance  horizons  of  the  last  two  species 
are  somewhat  higher  than  that  of  the  first.  The 
middle-upper  part  of  the  Kowaragi  Formation, 
above  the  Lepidolina  horizon,  has  no  fusulinids. 

Only  one  specimen  of  ammonoid,  Timorites 
intermedium  (Wanner),  is  known  from  this  district 
(Hayasaka  1954).  It  is  considered  to  have  been 
collected  from  the  Leptodus  nobilis  Zone  of  the 
Katlisawan  Stage  (Minato  et  al.  1978),  which 
corresponds  to  the  upper  part  of  the  M.  matsubaishi 
Zone  to  C.  kutsuboensis  Zone.  This  specimen 
certainly  belongs  to  the  genus  Timorites ,  having 
rather  advanced  suture  lines,  although  its  specific 
identification  is  uncertain  because  of  its  poor  state 
of  preservation  (Ehiro  et  al.  1986). 


Kamiyasse-Imo  district 

The  Kamiyasse-Imo  district  is  situated  in  the  border 
area  between  Kescnnuma  City,  Miyagi  Prefecture 
and  Rikuzen-takata  City,  Iwate  Prefecture.  In 
and  around  this  district,  the  Permian  is  divided 
in  ascending  order  into  the  Nakadaira,  Ochiai 
and  Nabekoshiyama  Formations  (Ehiro  1977).  The 
Ochiai  Formation  is  mainly  composed  of  sandy 
shales,  but  includes  the  Toyazawa  Member,  which 
is  made  up  largely  of  calcareous  sandstone,  cal¬ 
careous  shale  and  limestone,  in  the  upper  part  of 
the  lower  horizon  (Fig.  3).  Columnar  section  of 
the  Toyazawa  Member  in  Fig.  3  is  taken  from  a 
route  along  the  Minaminosawa  valley  in  the 
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Fig.  3.  Columnar  section,  major  fusulinid  ranges  and  ammonoid  data  of  the  Middle  Permian  in  the  Kamiyasse 
district.  See  Fig.  2  for  the  lithology. 
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Kamiyasse  district.  Calcareous  shale  and  impure 
limestone  are  dominant  in  Minaminosawa  and 
vicinity.  However,  lateral  lithofacies  change  in 
the  member  is  very  common  and  calcareous  sand¬ 
stone  is  rather  abundant  throughout  this  district. 
The  boundary  between  the  Sakamotozawan  and 
Kanokuran  Series  may  be  situated  at  some  horizon 
in  the  shales  of  the  lower  part  of  the  lower  Ochiai 
Formation,  and  that  of  the  Kanokuran  and  Toyoman 
is  in  the  lower  part  of  the  upper  Ochiai  Formation. 
The  lower-middle  part  of  the  Toyazawa  Member 
yields  abundant  M.  matsubaishi  and  uppermost  part 
of  the  member  is  characterised  by  the  occurrence 
of  Lepidolina  multiseplala  and  Verbeekina  verbeeki 
(Geinitz).  Tazawa  (1975)  established  only  two 
fusulinid  zones,  the  M.  matsubaishi  and  L.  multi- 
septata  Zones  in  this  member,  and  not  the 
C.  kutsuboensis  Zone.  On  the  other  hand,  Choi 
(1973)  recognised  the  C.  kutsuboensis  Zone, 
although  Pseudodoliolina  elongata  Choi  character¬ 
ises  the  zone,  in  the  Imo  district.  It  seems  that, 
on  the  basis  of  the  preliminary  examination  by 
the  present  author,  the  lower  upper  part  of  the 
member  in  the  Kamiyasse  district  have  neither 
Monodiexodina  nor  Lepidolina  (Fig.  3),  and  there 
is  a  possibility  that  the  C.  kotsuboensis  Zone 
or  its  equivalent  is  also  present.  Lepidolina  and 
Verbeekina  also  occur  in  the  lenticular  limestones 
included  in  shale  beds  of  the  upper  Ochiai 
Formation,  a  horizon  about  400  m  above  the  top 
of  the  Toyazawa  Member  (Ehiro  &  Araki  1997). 

From  the  M.  matsubaishi  Zone  of  the  Toyazawa 
Member  in  the  Kamiyasse-Imo  district  and  its 
equivalent  strata  exposed  around  the  streets  of 
Kesennuma  City,  the  following  ammonoids  have 
been  reported,  although  their  precise  horizon 
in  the  zone  are  not  clear:  Agathiceras  cf. 
suessi  Gemmellaro,  A.  aff.  suessi  Gemmcllaro, 
Pseudogastrioceras  lad  (Sun),  Stacheoceras  sp., 
Waagenoceras  sp.,  Propinacoceras  aff.  galilaei 
Gemmellaro,  Medlicottia  sp.,  Paraceltites  elegans 
Girty,  P.  sp.,  Cibolites  uddeni  Plummer  &  Scott 
(Hayasaka  1940,  1963;  Koizumi  1975).  In  addition 
to  these  specimens,  two  ammonoids,  Cibolites  sp. 
and  Timorites  sp.  collected  from  the  M.  matsubaishi 
Zone  in  the  lmo  district  arc  stored  in  the  Rikuzen- 
takata  City  Museum.  These  two  specimens  were 
examined  by  the  present  author.  Timorites  sp.  is 
based  on  the  poorly  preserved  inner  mould,  but  its 
suture  is  traceable  and  typical  for  the  genus. 

The  uppermost  horizon  of  the  L.  multiseplala 
Zone,  80-100  m  above  the  Lepidolina-bcanng 
limestone  lense,  contains  the  following  ammonoids: 
Agathiceras  sp.,  Jilingites  kesennumensis  Ehiro  & 
Araki,  Stacheoceras  sp.,  Timorites  takaizumii  Ehiro 
&  Araki,  Pseudagathiceras  omatum  Ehiro  &  Araki, 


Propinacoceras  sp.,  Eumedlicottia  primas  (Waagen) 
(Ehiro  &  Araki  1997).  Timorites  is  abundant  in  the 
fauna. 


Iwaizaki  district 

The  Middle  Permian  Iwaizaki  Limestone  and  Upper 
Permian  Toyoma  Formation  crop  out  along  the  sea 
coast  of  Cape  Iwaizaki,  located  about  8  km  south 
of  Kesennuma.  The  Iwaizaki  Limestone  consists  of 
sandstone  in  its  lowermost  part  and  limestone  in 
its  main  part  (Fig.  4).  The  uppermost  part  contains 
some  shale  intercalations.  The  Iwaizaki  Limestone 
has  three  fusulinid  zones:  in  ascending  order 
the  M.  matsubaishi,  Pseudofusulina  paramotohashii 
and  Yabeina  shiraiwensis  Zones  (Morikawa  1960). 
The  Y.  shiraiwensis  Zone  was  revised  as  the 

L.  multiseplala  Zone  and  P.  paramotohashii  Zone 
was  correlated  with  the  upper  part  of  the 

M.  matsubaishi  to  C.  kotsuboensis  Zone  in 
the  Setamai  district  (Table  1;  Choi  1973).  The 
difference  of  stratigraphic  ranges  of  the 
M.  matsubaishi  Zone  between  the  Iwaizaki  and 
Setamai  districts  may  be  due  to  the  lithological 
control,  because  M.  matsubaishi  is  recovered  from 
calcareous  sandstone,  sandy  shale  and  thin  lime¬ 
stone  included  in  thick  sandstone  beds,  and  not 
from  thick  limestone  such  as  those  in  the  middle 
part  of  the  Iwaizaki  Limestone.  The  Toyoma 
Formation  is  composed  of  sandy  shale,  but  con¬ 
tains  small  lenticular  limestones,  which  yield 
L.  mulliseptala  and  L.  kumaensis  (Choi  1970,  1973) 
near  the  boundary  between  the  Iwaizaki  Limestone 
and  Toyoma  Formation.  The  stratigraphic  horizon 
of  these  Lepidolina-bcanng  limestone  lenses  is 
estimated  to  be  about  130  m  higher  than  the  top 
of  the  Iwaizaki  Limestone  (Choi  1970),  although 
the  Toyoma  Formation  is  in  fault  contact  with  the 
Iwaizaki  Limestone  in  this  district. 

Ammonoids  arc  not  so  abundant  in  the  Iwaizaki 
Limestone.  Stacheoceras  iwaizakiense  Mabuti  was 
described  from  the  M.  matsubaishi  Zone  (Mabuti 
1935)  and  Propinacoceras  aff.  galilaei  Gemmellaro 
from  the  uppermost  part  of  the  Iwaizaki  Limestone 
(L.  multiseplala  Zone)  (Hayasaka  1963). 

The  Toyoma  Formation  has  no  ammonoids  in 
this  district,  but  in  the  Utatsu  district  (Fig.  1), 
about  10  km  to  the  south  of  Iwaizaki,  the  lower 
part  of  the  Suenosaki  Formation  (uppermost 
Kanokuran  to  Middle  Toyoman)  yields  the 
following  ammonoids:  Stacheoceras  iwaizakiense 
Mabuti,  Timorites  intermedium  (Wanner),  Pseudo¬ 
gastrioceras  sp.,  Araxoceras  cf.  roloides 
Ruzhentscv,  A.  sp.,  Vescotoceras  japonicum  (Bando 
&  Ehiro),  V.  spp.  (Ehiro  &  Bando  1985;  Ehiro 
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et  al.  1986).  This  fossil  horizon  is  situated  about 
100  m  above  the  Lepidolina- bearing  calcareous 
sandstone  and  contains  some  pelecypods,  which 
characterise  the  Lower  Toyoman.  Therefore,  it  may 
correspond  to  the  basal  part  of  the  Toyoman  Series. 
In  addition,  Xenodiscus  cf.  carbonarius  Waagen 


was  reported  from  nearly  the  same  horizon  in 
the  Okago  district,  about  15  km  northwest  of 
Utalsu  (Ehiro  &  Bando  1985).  These  ammonoids 
provide  a  basis  for  correlating  the  Lower  Toyoman 
Series  with  the  Upper  Permian  Wuchiapingian  or 
Dzhulfian. 


ammonoids 


Propinacoceras 
aff.  galilaei 


Stacheoceras 

iwaizakien.se 


Fig.  4.  Columnar  section,  major  fusulinid  ranges  and  ammonoid  occurrences  of  the  Middle  Permian  in  the  Iwaizaki 
district.  Column  (simplified)  and  fusulinid  data  from  Morikawa  (1960).  See  Fig.  2  for  the  lithology. 
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AMMONOID  BIOSTRATIGRAPHY  AND 
CORRELATION 

Of  the  abovementioned  ammonoids  known  from 
the  Middle  Permian  Kanokuran  Series  in  the 
South  Kitakami  Belt,  the  genera  Timoriles  and 
Cibolites  are  particularly  important  for  stratigraphic 
correlation.  Timoriles  is  an  index  fossil  of  the 
Capitanian  Stage  in  North  America  (Glenister 
et  a!.  1992;  Jin  et  al.  1994a).  In  the  Tethyan 
districts,  species  of  Timoriles  also  occur  in 
the  Capitanian  formations,  but  also  in  the 
Wuchiapingian  ones  (Ehiro  et  al.  1986;  Zhou 
et  al.  1989).  In  Texas  and  Coahuila,  most  speci¬ 
mens  of  Cibolites  have  been  collected  from  the 
Capitanian  strata,  except  for  ones  probably  from 
the  Wordian  formation  in  the  Glass  Mountain 
(Spinosa  et  al.  1975).  Paracehites  ranges  from  the 
Roadian  to  Capitanian  Stage  and  Waagenoceras 
from  the  Wordian  to  Capitanian.  Ranges  of  the 
other  genera  are  rather  long  or  not  clearly 
known.  Therefore,  based  on  the  ammonoids,  the 
C.  kotsuboensis  to  L  multiseptata  Zone  and 
probably  the  upper  part  of  the  M.  malsubaisbi 
Zone,  which  arc  characterised  by  the  occurrence 


of  Timoriles  and  Cibolites ,  are  considered  to  be 
corrclatable  with  the  Capitanian,  and  the  lower- 
middle  part  of  the  M.  malsubaisbi  Zone  with  the 
Roadian  (?)  to  Wordian  (Table  2). 

The  fusulinid  zones,  the  M.  matsubaishi, 
C.  kotsuboensis  and  L  multiseptata  Zones  are 
correlated,  respectively,  with  the  Neoschwagerina 
simplex-N.  craticulifera,  N.  tnargaritae  and 
Lepidolina  loriyamai-L.  shiraiwensis  ( Lepidolina - 
Yabeina)  Zones  of  Southwest  Japan  (Table  1; 
Choi  1973).  Jin  et  al.  (1994b)  correlated  the 
Polydiexodina  Zone  of  the  Capitanian  with  the 
N.  margaritae  Zone  in  the  Tethyan  province. 
On  the  other  hand,  Ross  (1995)  and  Davydov 
(1996)  correlated  the  Capitanian,  which  yields 
Polydiexodina,  Yabeina,  etc.,  with  the  ‘Midian’ 
( Yabeina-Lepidolina  Zone)  in  the  Tethyan  province. 
Ammonoid  and  fusulinid  data  of  the  Middle 
Permian  in  the  South  Kitakami  support  the  former’s 
opinion  and,  moreover,  there  is  a  possibility  that 
a  part  of  the  Polydiexodina  Zone  is  correlatable 
with  that  of  the  Neoschwagerina  simplex-N.  crati¬ 
culifera  Zone,  because  the  Capitanian  ammonoid 
Timoriles  is  recovered  with  M.  malsubaisbi. 

According  to  Ross  (1995)  the  stratigraphic  range 
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Capitanian 

KANOKURAN 

Iwaizakian 

Lepidolina 

multiseptata 

Lepidolina 

multiseptata 

Lepidolina 

multiseptata 

Timoriles 

Lepidolina 

toriyamai  - 
Lepidolina 

shiraiwensis 

Kattisawan 

Colon  ia 

kotsuboensis 

? 

Monodiexodina 

matsubaishi 

Pseudofusulina 

paramotohashii 

Timoriles 

Waagenoceras 

Cibolites 

Paracehites 

Neoschwagerina 

margaritae 

Monodiexodina 

matsubaishi 

Neoschwagerina 

craticulifera 

N.  simplex 

Wordian 

Monodiexodina 

matsubaishi 

Roadian 

SAKAMOTO 

ZAWAN 

Kabayaman 

Kawaguchian 

Pseudofusulina 
fus  if  or mis 

Artinskia 

Agathiceras 

Pseudofuslina 

kraffti 

CISURALIAN 

Kungurian 

Artinskian 

Chalaroschw. 

vulgaris 

Chalaroschw. 

vulgaris 

Sakmarian 

Robustoschw. 

schellwieni 

Pscudoschw. 

subsphaerica 

Assclian 

Triticites 

simplex 

Table  I.  Correlation  chart  of  the  Permian  fusulinid  zones  in  the  Hikoroichi-Setamai,  Katniyassc-Imo  and  Iwaizaki 
districts  in  the  South  Kitakami  Belt,  and  that  of  Southwest  Japan.  Ammonoid  occurrences  in  the  South  Kitakami 
are  also  shown.  International  standard  chronostratigraphic  scale  is  taken  from  Jin  et  al.  (1997). 
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of  the  genus  Monodiexodina  is  from  his  Misellina 
Zone  to  the  middle  part  of  the  Cancellina  Zone. 
However,  as  stated  above,  M.  matsubaishi  co-occurs 
with  Timorites  and  Cibolites  in  Japan,  and  the 
range  of  the  genus  M.  matsubaishi  must  extend  at 
least  into  the  Neoschwagerina  Zone  (s.l.),  possibly 
into  the  lower  part  of  the  N.  margaritae  Zone. 

In  South  China  the  Middle  Permian  is  repre¬ 
sented  by  the  Maokouan  Scries,  which  comprises 
the  lower  Kufengian  Stage  and  the  upper  Lengwuan 
Stage  (Jin  et  al.  1994a).  It  includes  four  fusulinid 
zones  (Sheng  &  Jin  1994):  in  ascending  order  the 
Neoschwagerina  craticulifera  and  N.  margaritae 
Zones  in  the  Kufengian  Stage,  and  Yabeina  gubleri 
and  Metadoliolina  multivoluta  Zones  in  the 
Lengwuan  Stage.  Based  on  the  fusulinids,  the 
middle  to  upper  part  of  the  Kattisawan  Stage 
(AL  matsubaishi  and  C,  kotsuboensis  Zones)  and 
Iwaizakian  Stage  (L.  multiseptata  Zone)  are  roughly 
correlated  with  the  Kufengian  and  Lengwuan 
Stages,  respectively  (Table  2). 

Species  of  the  genus  Waagenoceras,  which  is  an 
index  fossil  of  the  Wordian,  have  been  reported 


from  the  Wenbishan  Formation  of  Fujian  Province 
(VL  longyannense  Zhao  &  Zheng)  and  from 
the  Dangchong  Formation  of  Hunan  Province 
(Waagenoceras  sp.)  (Zhao  1980)  in  South  China 
These  formations  are  Kufengian  in  age.  Timorites 
yunnanensis  Liang  from  Yunnan  is  the  only  one 
belonging  to  the  genus  known  from  South  China. 
It  was  collected  from  the  Maokouan  Formation 
but  its  precise  stratigraphic  position  in  the 
Maokouan  is  unknown.  Zhao  &  Zheng  (1977) 
reported  the  occurrence  of  Cibolites  curvoplicatus 
Zhao  &  Zheng  and  C.  dongwuliensis  Zhao  & 
Zheng  with  Paraceltites  altudensis  (Bose)  from 
the  Shimentang  Member  of  the  Lixian  Formation 
in  West  Zhejiang.  The  Shimentang  Member  is 
correlated  with  the  lower  part  of  the  Lengwuan 
Stage  by  Sheng  &  Jin  (1994).  Cibolites  parvus 
Zhou,  associated  with  Paraceltites  altudensis 
(Bose),  P.  hoeferi  (Gemmcllaro),  Cibolites  curvo¬ 
plicatus  Zhao  &  Zheng,  Roadoceras  spp.  and 
Doulingoceras  spp.,  has  also  been  described  from 
the  upper  Maokouan  Roadoceras-Doulingoceras 
Zone  in  Hunan  (Zhou  1987),  although  (he  zone  is 


Intern.  Standard  South  China 


LOPING1AN 

5 

Capitanian 

s 

< 

3 

D 

O 

Wordian 

Roadian 

CISURAL1AN 

LOPINGIAN 

Wuchiapingian 

Lengwuan 

M-Y 

Kufengian 

N-N 

Xiangboan 

N-C 

Luodianian 

Me 

Kitakami,  Japan 


S.  Primorye 


North  America 


TOYOMAN 

Maehaman 

3 

Iwaizakian 

Lm 

o 

Ck 

1 

Kattisawan 

Mm 

SAKAMOTO- 

ZAWAN 

Kabayaman 

Pf 

Lyudyanzian 


Chandalazian 

M-L 

Ps 

M-M 

Vladivostokian 

5 

D 

O 


OCHOAN 

Yabeina 

Timorites 

Polydiexodina 

Timorites 

Wordian 

Parafusulina 

Waagenoceras 

Roadian 

Skinnerina 

Demarezites 

LEONARD  IAN 

Cathedral  ian 

M-Y:  Metadoliolina  multivoluta  - 
Yabeina  gubleri 

N-N:  Neoschwagerina  margaritae  - 
Neoschwagerina  craticulifera 
N-C:  Neoschwagerina  simplex  - 

Cancellina  neoschwagerinoides 
Me:  Misellina  claudiae 


Lm:  Lepidolina  multiseptata 
Ck:  Colania  kotsuboensis 
Mm:  Monodiexodina  matsubaishi 
Pf:  Pseudofusulina  fusiformis 


M-L:  Metadoliolina  lepida  - 
Lepidolina  kumaensis 
Ps:  Parafusulina  stricta 

M-M:  Monodiexodina  satchanica 
Metadoliolina  dutkevitchi 


Table  2.  Correlation  chart  of  some  Middle  Permian  sequences  in  the  Eastern  Tethys  and  American  Midcontinent 
based  on  ammonoids  and  fusulinids. 
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included  by  Jin  et  ai.  (1994a,  1994b)  in  the  lower¬ 
most  part  of  the  Upper  Permian  Wuchiapingian 
Stage.  The  stratigraphic  horizon  of  Cibolites 
costatus  (Hayasaka)  (originally  described  as 
Paracibolites  by  Hayasaka  1947)  from  Zhejiang 
is,  according  to  Chao  (1965),  the  lower  part  of 
the  Maokouan  Scries  (W’aagenoceras  Zone).  These 
ammonoid  data  support  generally  the  above- 
mentioned  fusulinid-based  correlation  between 
South  China  and  South  Kitakami,  but  at  present 
the  precise  correlation  based  on  the  ammonoids  is 
difficult,  because  we  have  few  ammonoid  data  for 
the  Maokouan,  especially  for  the  upper  Kufengian, 
and  precise  stratigraphic  data  for  the  ammonoids 
are  lacking. 

The  Midian  Chandalaz  Formation  of  the  Southern 
Primorye  district  in  the  Russian  Far  East  is  divided 
into  three  fusulinid  zones  (Kotlyar  et  al.  1989): 
in  ascending  order  the  Monodiexodina  sutchanica- 
Metadoliolina  dutkevitchi,  Parafusulina  stricta  and 
Metadoliolina  lepida-Lepidolina  kumaensis  Zones. 
It  is,  as  a  whole,  correlatable  with  the  Kanokuran 
Series.  P.  stricta  Zone  yields  Lepidolina  multi- 
septata  and  L.  kumaensis  (Zakharov  et  al.  1992). 
Therefore,  it  is  considered  that  the  M.  sutchanica- 
M.  dutkevitchi  Zone  is  correlatable  with  the 
M.  matsubaishi  and  C.  kotsuboensis  Zones,  and 
P.  stricta  and  M.  lepida-L.  kumaensis  Zones  with 
L.  multiseptata  Zone  (Table  2).  The  occurrence  of 
Timorites  markevichi  Zakharov  from  the  P.  stricta 
Zone  (Kotlyar  et  al.  1989)  supports  this  correlation 
and  provides  the  ammonoid  based  correlation 
between  the  Southern  Primorye  and  South 
Kitakami.  The  Nakhodka  Reef  distributed  in  the 
Nakhodka  district  yields  ammonoids  Eumedlicottia 
nikitinae  Zakharov,  Neogeoceras  thaumastum  Ruz- 
hentsev  in  its  lower  part,  Slacheoceras  orientate 
Zakharov  in  the  middle  and  Xenodiscus  sub- 
carbonarius  Zakharov  &  Pavlov  in  the  uppermost 
(Zakharov  et  al.  1992).  The  lower  part  of  the 
Lyudyanza  Formation,  which  overlies  the  Nakhodka 
Reef,  contains  the  Late  Permian  ammonoid 
Cyclolobus  kiselevae  Zakharov.  The  Nakhodka  Reef 
is  included  in  the  Chandalaz  Formation  and 
correlated  with  the  Middle  Permian  Midian 
(Zakharov  1992),  but  it  is  likely  that  the  upper 
part  of  the  Nakhodka  Reef  is  correlatable  with  the 
Upper  Permian  Wuchiapingian  (Dzhulfian)  and 
Maehaman  Stage  of  the  Toyoman  based  on  the 
occurrence  of  Xenodiscus. 
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Comparison  of  the  Asselian,  Sakntarian,  Artinskian,  Kungurian  and  Roadian  ammonoid 
assemblages  from  the  Urals,  Novaya  Zemlya,  North-East  of  Russia  and  from  Western  and 
Eastern  Australia  is  done.  The  maximum  resemblance  between  the  ammonoid  assemblages 
of  these  regions  occurred  in  the  Sakmarian.  After  this  time  the  differences  became  greater, 
some  typical  Tethyan  taxa  appeared  in  Australian  basins.  Presence  of  the  genus  Daubichites 
allows  the  correlation  of  the  host  rocks  in  Western  Australia  and  Novaya  Zemlya  with  the 
Roadian. 


RUSSIA  and  Australia  are  known  as  regions 
where  Permian  ammonoids  are  widespread.  Permian 
palaeobasins  of  the  Urals,  Novaya  Zemlya  and  the 
North-East  of  Asia  occurred  to  the  north  of  the 
tropical  zone,  whereas  Permian  basins  of  Western 
and  Eastern  Australia  occurred  to  the  south  of  the 
it.  In  accordance  with  the  palaeobiogeographic  data 
many  workers  regard  the  faunal  assemblages  of 
these  regions  as  moderately  warm  climatic  zones. 
The  majority  of  workers  who  studied  ammonoid 
faunas  of  Australia  and  Russia  over  the  last  six 
decades  recognised  many  common  features  in  the 
taxonomic  composition  and  morphology  of  both 
faunas. 

Other  regions  where  Permian  ammonoids  arc 
also  found  arc  not  considered  in  the  present  paper 
since  they  are  referred  to  the  Tethyan  and  North 
American  palaeogcographic  realms.  The  comparison 
with  these  faunas  is  beyond  the  scope  of  the  present 
study  since  the  assemblages  of  different  climatic 
zones  are  strikingly  different. 

This  paper  focuses  on  the  comparison  and 
analysis  of  the  existing  data  on  Permian  ammonoids 
from  Russia  and  Australia  to  reveal  their  similarities 
and  differences  and  their  correlative  potential. 

ASSELIAN 
(Table  1) 

The  ammonoid  assemblages  of  this  age  are 
recognised  only  from  Russia  (the  Urals  and  the 
North-East  of  Russia).  Ruzhencev  (1952)  and 
Bogoslovskaya  et  al.  (1995)  reported  23  genera 
with  more  than  30  species  from  the  Asselian  rocks 
of  the  Urals.  These  are  Boesites ,  Metapronorites, 
Neopronorites,  Sakmarites,  Daixites ,  Artinskia, 
Shikhanites.  Aristoceras,  Prothalassoceras,  Aga- 
thiceras,  Eoasianiles,  Neoglaphyriles,  Neoaganides, 
Somoholites,  Preshumardites,  Claphyrites,  Svetlan- 


Ammonoid  genera 

Urals  North-East  of  Russia 

Aristoceras 

+ 

Neoglaphyriles 

+ 

Boesites 

+ 

Daixites 

+ 

Prothalassoceras 

+ 

Claphyrites 

+ 

Emilites 

+ 

Artinskia 

+ 

Shikhanites 

+ 

Protopopanoceras 

+ 

Svetlanoceras 

+ 

Sakmarites 

+ 

Almites 

+ 

Prostacheoceras 

+ 

Metapronorites 

+ 

+ 

Eoasianiles 

+ 

+ 

Neoaganites 

+ 

+ 

Somoholites 

+ 

+ 

Preshumardites 

+ 

+ 

Neopronorites 

+ 

+ 

Agathiceras 

+ 

+ 

Juresanites 

+ 

+ 

Tabantalites 

+ 

+ 

Bulunites 

+ 

Table  I.  Asselian  ammonoid  assemblage. 


oceras,  Juresanites,  Almites,  Etnilites,  Tabantalites , 
Prostacheoceras  and  Protopopanoceras .  (Here  and 
further  on  the  names  of  the  genera  that  appeared 
during  the  time  span  under  consideration  are  in 
bold  italics.)  Many  of  the  .above  taxa  continued 
from  the  Carboniferous.  However,  the  first  repre¬ 
sentatives  of  the  three  families,  Paragastrioceratidae 
(Svetlanoceras),  Metalegoceratidae  (Juresanites), 
and  Popanoceratidac  ( Protopopanoceras )  appeared 
at  the  Carbonifcrous-Permian  boundary.  The  fourth 
family  which  indicates  the  beginning  of  the 
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Permian,  i.e.,  Perrinitidae,  is  unknown  from  the 
regions  under  consideration.  In  addition,  new 
genera  appeared  in  previously  existing  families. 
These  are  Sakmarites ,  Sikhanites,  Prostaclieoceras, 
Tabanlalites  and  Kargalites. 

The  Asselian  assemblage  from  the  North-East  of 
Asia  is  much  less  diverse  than  that  of  the  Uralian 
region  and  is  represented  by  only  nine  genera 
(Andrianov  1985).  These  are  Metapronorites ,  Neo¬ 
pronorites,  Prouddenites,  Agalhiceras ,  Somoholites, 
Preshumardites,  Juresanites,  Tabanlalites  and 
Buluniles,  the  last  genus  being  endemic.  The 
similarity  of  ihe  Uralian  and  North-Eastern  regional 
assemblages  at  the  generic  level  is  clear,  while  the 
species  representing  these  genera  in  the  areas  under 
study  are  also  closely  similar. 

At  present  no  Asselian  ammonoids  are  known 
from  the  Permian  rocks  of  Australia. 


SAKMARIAN 
(Table  2) 

A  very  rich  ammonoid  assemblage  is  known  from 
the  Sakmarian  of  the  Urals.  It  includes  27  genera 
with  about  40  species  (Ruzhencev  1951,  1952). 
These  are  Boesites ,  Daixitcs,  Metapronorites ,  Neo¬ 
pronorites,  Sakmarites,  Synartinskia,  Artinskia , 
Medlicottia,  Prothalassoceras,  Tbalassoceras ,  Aga- 
thiceras,  Somoholites,  Preshumardites,  Glapliyrites, 
Svetlanoceras,  Synuraloceras,  Uraloceras,  Para- 
gastrioceras,  Juresanites,  Metalegoceras,  Para- 
metalegoceras,  Kargalites,  Almites,  Crimites, 
Tabanlalites,  Prostaclieoceras  and  Propopanoceras. 
The  Sakmarian  ammonoid  assemblage  from  the 
Urals  includes  10  first  appearances  of  genera 
which  are  more  phylogenetically  advanced  than  the 
Asselian  taxa.  The  genus  Kargalites  is  recorded 
only  from  the  Sakmarian  of  the  Urals,  whereas  in 
other  regions  it  is  found  in  the  Asselian.  The  species 
of  pre-existing  genera  are  phylogenetically  more 
advanced  forms. 

In  the  North-East  of  Asia  the  Sakmarian 
ammonoid  assemblage  is  represented  by  eight 
species  (Andrianov  1985).  These  are  Meta¬ 
pronorites,  Neopronorites,  Somoholites,  Preshu¬ 
mardites,  Eoasianites,  Bulunites,  Paragastrioceras 
and  Uraloceras.  The  appearance  of  Paragastri- 
oceras  and  Uraloceras  among  the  pre-existing 
Late  Carboniferous-Asselian  genera  allows  the 
correlation  of  the  host  rocks  with  the  synchronous 
Uralian  ones,  where  newly  appeared  generic  taxa 
also  occur  with  continued  earlier  genera. 

Sakmarian  ammonoids  in  Australia  are  recog¬ 
nised  from  the  western  sedimentary  basins  (Perth, 
Carnarvon  and  Canning)  and  are  represented  by 


Ammonoid  genera  Urals  North-East  Western  Eastern 
of  Russia  Australia  Australia 


Boesites 

+ 

Daixitcs 

+ 

Prothalassoceras 

+ 

Glaphyrites 

+ 

Emilites 

+ 

Sakmarites 

+ 

Tabanlalites 

+ 

Almites 

+ 

Synartinskia 

+ 

Synuraloceras 

+ 

Parametalegoceras 

+ 

Artinskia 

+ 

Kargalites 

+ 

Prostaclieoceras 

+ 

Crimites 

+ 

Medlicottia 

+ 

Somoholites 

+ 

+ 

Preshumardites 

+ 

4- 

Neopronorites 

4- 

Agalhiceras 

+ 

4- 

Paragastrioceras 

+ 

4- 

Uraloceras 

+ 

4- 

?+ 

Svetlanoceras 

+ 

?+ 

Juresanites 

+ 

4- 

Propopanoceras 

4- 

4- 

Tbalassoceras 

4- 

4- 

Metalegoceras 

+ 

4- 

Metapronorites 

4- 

Eoasianites 

4- 

Bulunites 

4- 

Table  2.  Sakmarian  ammonoid  assemblage. 

six  genera  (Archbold  &  Dickins  1996).  These  are 
Svetlanoceras  (or  Uraloceras)  irwinense  (one 
species),  Juresanites  jacksoni  (one  species),  Meta¬ 
legoceras  (three  or  four  species),  IMescalites, 
Tbalassoceras  wadci  (one  species),  Propopan¬ 
oceras  ruzJxencevi  (one  species).  All  these  genera 
except  for  Mescalites  arc  known  from  the 
Sakmarian  of  the  Urals.  The  dating  is  confirmed 
by  the  level  of  evolutionary  development  of  the 
species  of  the  above  genera.  The  present  author 
considers  that  Uraloceras  irwinense  Teichert  & 
Glenister,  1952  which  was  rcdcscribcd  by  GIcnister 
(1990a)  as  Svetlanoceras  irwinense  (transitional 
to  Uraloceras )  although  showing  transitional 
features  fits  more  closely  the  diagnosis  of 
Uraloceras,  including  the  relative  whorl  height, 
overlap  degree  and  the  width  of  the  ventral  prongs 
(all  features  observable  in  GIcnister  ct  al.  1990a: 
table  1,  fig.  2:  I,  4,  5,  7-9\  fig.  3:  1,  2,  5). 
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ARTINSKIAN 
(Tabic  3) 

Artinskian  rocks  in  the  Urals  contain  23  ammonoid 
genera  (Ruzhencev  1956;  Bogoslovskaya  1962). 
These  are  Daraelites ,  Neopronorites,  Sakmarites, 
Arlinskia,  Medlicottia,  Aktubinskia ,  Artioceras, 
Propinacoceras ,  Agathiceras,  Thalassoceras, 
Paragastrioceras,  Uraloceras,  Neoshumardites, 
Metalegoceras,  Eothinites,  Kargalites,  Almites, 
Cardiella,  Crimites,  Neocrimites,  Waagenina, 
Prostachcoceras  and  Popanoceras.  The  genera 
Aktubinskia,  Agathiceras  and  Neoshumardites  are 
restricted  to  the  lower  substage,  whereas 
Propinacoceras,  Eothinites,  Waagenina  and  Neo¬ 
crimites  to  the  upper  subslagc.  Each  substage 
contains  different  species  of  the  above  genera  and 
different  proportions  of  the  number  of  individuals 
(Ruzhencev  1956). 

From  the  Artinskian  of  the  North-East  of  Asia 
Andrianov  (1985)  reported  Metapronorites,  Neo¬ 
pronorites,  Neoshumardites,  Metalegoceras,  Para- 


Ammonoid  genera  Urals  North-East  Western  Eastern 
of  Russia  Australia  Australia 


Arlinskia 

+ 

Agathiceras 

+ 

Sakmarites 

+ 

Almites 

+ 

Prostachcoceras 

+ 

Crimites 

+ 

Medlicottia 

+ 

Aktubinskia 

+ 

Artioceras 

+ 

Eothinites 

+ 

Waagenina 

+ 

Daraelites 

+ 

Popanoceras 

+ 

Cardiella 

+ 

Kargalites 

+ 

Thalassoceras 

+ 

Propinacoceras 

+ 

Neopronorites 

+ 

+ 

Paragastrioceras 

+ 

+ 

Neoshumardites 

+ 

+ 

Metalegoceras 

+ 

+ 

+ 

Uraloceras 

+ 

+ 

+ 

Neocrimites 

+ 

?+ 

?+ 

Eotumaroceras 

+ 

Tumaroceras 

+ 

Bamyaniceras 

+ 

Aricoceras 

?+ 

?+ 

Pseudoshistoceras 

+ 

Gobioceras 

+ 

Table  3.  Artinskian  ammonoid  assemblage. 


gastrioceras,  Uraloceras,  Eotumaroceras  and 
Tumaroceras .  The  last  two  genera  appeared  only 
in  the  Artinskian  and  were  endemic.  Generally  this 
ammonoid  assemblage  allows  precise  correlations 
with  the  Artinskian  of  the  Urals. 

According  to  several  authors  (Teichert  1942; 
Teichcrt  &  Fletcher  1943;  Glenistcr  &  Fumish 
1961;  Cockbain  1980;  Archbold  &  Dickins  1996; 
ct  al.)  the  Artinskian  in  Australia  contains  Pseudo- 
schistoceras,  Bamyaniceras ,  Metalegoceras  and 
Neocrimites  (or  Aricoceras)  (Western  Australia)  and 
Uraloceras,  Gobioceras  and  Aricoceras  (or 
Neocrimites)  (Eastern  Australia).  The  presence  of 
Uraloceras,  Metalegoceras  and  Neocrimites  allows 
correlation  with  the  Urals,  whereas  the  presence 
of  Bamyaniceras  and  Aricoceras  permits  correlation 
of  this  assemblage  with  the  Yaktashian  and  Bolorian 
of  the  Tethys.  The  present  author’s  opinion 
(Leonova  &  Bogoslovskaya  1990)  that  it  is  more 
preferable  to  consider  as  Aricoceras  the  forms 
described  as  Neocrimites  by  Teichert  &  Fletcher 
(1943)  (see  also  Glenistcr  &  Fumish  1961).  For 
the  genus  Neocrimites,  the  most  characteristic 
feature  is  the  relationship  of  width  to  diameter 
which  is  always  above  1.0  and  can  reach  1.6-1. 8 
(as  in  Neocrimites  pavlovi).  But  for  the  holotype 
of  Australian  'Neocrimites'  the  ratio  recorded  is 
only  0.63  (Glenister  &  Fumish  1961:  730).  Already 
in  the  Artinskian  the  ammonoid  fauna  of  Australia 
is  considerably  different  from  the  Uralian  and 
North-Eastern  Asian  assemblages  of  Russia. 

KUNGURIAN 
(Table  4) 

Kungurian  rocks  of  the  Urals  are  known  to  contain 
an  impoverished  ammonoid  assemblage  indicating 


Ammonoid  genera 

Urals 

North-East 
of  Russia 

Western  Eastern 
Australia  Australia 

Medlicottia 

+ 

Thalassoceras 

+ 

Uraloceras 

+ 

Neopronorites 

+ 

+ 

Tumaroceras 

+ 

+ 

Epijuresanites 

+ 

+ 

Paragastrioceras 

+ 

+ 

+ 

Neouddenites 

+ 

Baraioceras 

+ 

Bamyaniceras 

+ 

Aricoceras 

+ 

Table  4.  Kungurian  ammonoid  assemblage. 


160 


TATYANA  B.  LEONOVA 


a  shallow  water  basin  with  increasing  abnormal 
salinity.  According  to  Bogoslovskaya  (1976)  only 
a  few  species  including  Neopronorites ,  Thalass- 
oceras,  Paragastrioceras  and  Uraloceras  may 
positively  be  determined  from  the  Kungurian  of 
the  Middle  Urals.  According  to  the  most  recent 
data,  Medlicotlia  postorbignyana  and  Tumaroceras 
dignum  are  recognised  from  the  more  northern 
regions  of  the  Urals  (Pai-Khoi)  and  Epijuresaniles 
vaigachensis  from  Vaigach  Island  (Bogoslovskaya 
1997).  At  present  there  are  seven  genera  and  nine 
species  constituting  the  Kungurian  assemblage  of 
the  Middle  and  Northern  Urals.  Bogoslovskaya 
(1997)  has  indicated  that  the  more  advanced 
new  species  of  Medlicotlia,  and  the  first  discovery 
of  representatives  of  genera  Tumaroceras  and 
Epijuresaniles  in  this  region.  These  data  allow 
precise  correlation  with  the  Kungurian  of  the 
North-East  of  Russia. 

Kungurian  rocks  of  the  North-East  of  Russia 
represented  by  the  normally  marine  facies  and 
salinity  contain  a  richer  ammonoid  assemblage 
including  Neopronorites,  Neouddeniles,  Para¬ 
gastrioceras,  Tumaroceras,  Epijuresaniles  and 
Baraioceras  (Andrianov  1985).  Two  of  these  genera 
are  endemic,  although  the  appearance  of  the  genus 
Epijuresaniles,  representing  a  new  family  Spiro- 
legoceratidae,  distinctly  separates  this  stage  from 
the  previous.  The  presence  of  the  genera 
Paragastrioceras,  Tumaroceras  and  Epijuresaniles 
permits  precise  correlation  both  of  these  regions. 

Only  preliminary  conclusions  may  be  made 
regarding  the  Kungurian  ammonoids  from  Australia 
since  Cockbain  (1980)  correlated  the  Kungurian 
with  the  Roadian  whereas  Archbold  &  Dickins 
(1996)  recognised  that  the  Ufimian-Roadian  were 
post-Kungurian  which  has  resulted  in  some 
problems  in  the  dating  of  ammonoid-bearing  rocks. 
Apparently,  the  assemblage  includes  Uraloceras 
pokolbiense,  Aricoceras  meridionale  and  Gobi- 
oceras  lobulation  from  Eastern  Australia,  and 
Paragastrioceras  wandageense  and  Bamyaniceras 
australe  from  Western  Australia,  i.e.  the  genera 
that  also  occur  in  the  Artinskian.  As  was  mentioned 
by  Bogoslovskaya  (1976)  and  Archbold  &  Dickins 
(1996)  Paragastrioceras  wandageense  Teichcrt 
(1942)  is  closely  similar  to  the  Uralian  species 
Paragastrioceras  kungurense  (Mirskaya,  1948) 
from  the  Late  Kungurian  deposits  of  the  Middle 
Urals.  Re-examination  of  the  Western  Australian 
holotypc  specimen  confirmed  this  close  relation¬ 
ship.  The  conclusion  that  the  post-Artinskian 
sediments  do  not  contain  Paragastrioceras  and 
Popanoceras  species  (Cockbain  1980)  scents  doubt¬ 
ful.  Species  of  these  genera  as  well  as  those 
of  the  genus  Aricoceras  are  known  from  rocks 


of  Kungurian  age  and  from  the  Roadian 
(Kubergandian)  (Bogoslovskaya  1976;  Leonova  <£> 
Bogoslovskaya  1990). 

ROADIAN 
(Table  5) 

Late  Permian  ammonoids  are  unknown  in  the  Urals. 
However  a  representative  assemblage  is  recorded 
from  Novaya  Zemlya  (Bogoslovskaya  et  al.  1982), 
It  includes  Daubichites  butakovensis,  Altudoceras 
boreum,  Sverdrupites  harkeri  and  S.  amundseni 
which  indicate  the  Roadian  world-wide  (Arctic 
Canada,  North-East  of  Russia,  Far  East,  China, 
Western  Australia). 

In  the  North-East  of  Russia  the  Roadian 
ammonoid  assemblage  is  represented  by  three 
genera.  These  arc  Daubichites,  Sverdrupites, 
Pseudosverdrupites  and  Popanoceras  (Andrianov 
1985;  Budnikov  et  al.  1997).  This  allows  the 
correlation  of  the  host  rocks  with  the  Roadian  of 
the  above  regions. 

Ammonoids  described  from  Australia  allow  the 
assignment  of  the  host  rocks  to  the  Roadian.  These 
arc  Daubichites  gooclti,  Agathiceras  applanatum , 
Bamyaniceras  australe  and  Popanoceras  sp.  The 
genus  Daubichites  is  the  most  characteristic  of  the 
Roadian.  The  presence  of  the  other  taxa  does  not 
contradict  this  assignment,  especially  if  Glenister 
and  Fumish’s  (1961)  observation  is  noted  that  the 
specimen  they  described  belonged  to  an  ‘advanced 
species  of  Popanoceras’ .  'Die  present  author’s 
opinion  is  that  Agathiceras  applanatum  has  some 
specific  features,  that  could  be  considered  as 
characteristic  for  a  Late  Permian  representative  of 
this  genus,  such  as  subparabolic  cross-section  of 
whorl  and  very  wide  ventral  lobe.  This  species  is 
more  similar  with  the  Sicilian  species  of 
Agathiceras  than  with  Early  Permian  ones. 


Ammonoid  genera  Novaya  North-East  Western  Eastern 
Zctnlya  of  Russia  Australia  Australia 

Altudoceras  + 

Sverdrupites  + 

+ 

Daubichites  + 

+ 

+ 

Pseudosverdrupites 

+ 

Popanoceras 

+ 

+ 

Bamyaniceras 

+ 

Agathiceras 

+ 

Table  5.  Roadian  ammonoid  assemblage. 
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The  youngest  species  described  from  the  Permian 
of  Western  Australia  is  Cyclolobus  persulcatus 
recognised  on  the  basis  of  a  single  specimen  from 
Canning  Basin,  Western  Australia  (Glenisler  et  al. 
1990b).  Since  such  high  horizons  of  the  Permian 
in  Russia  are  known  only  in  the  Far  East, 
correlation  may  be  made  with  the  Ljudjansinian 
Horizon  having  Capitanian-Dhulfian  age.  This 
region  is  referred  to  the  Tcthyan  Palaeobiographical 
Realm. 


CONCLUSIONS 

I  .  The  review  clearly  shows  that  both  in  Russia 
and  Australia  (he  Lower  Permian  is  belter 
characterised  by  ammonoids. 

2.  The  maximum  resemblance  between  the 
ammonoid  assemblages  of  'Boreal'  regions  of 
Russia  and  Australia  occurred  in  the  Sakmarian. 

3.  From  the  Artinskian  the  differences  in  the 
generic  composition  of  synchronous  ammonoid 
assemblages  became  greater,  while  the  typical 
Tethyan  taxa  such  as  Bamyaniceras  and  Aric- 
oceras  played  an  increased  role  in  Australian 
basins. 

4.  The  data  on  accompanying  fossils  should  be 
analysed  to  control  the  dating  of  the  Kungurian 
in  the  Australian  sections. 

5.  The  genus  Daubichiles  play  an  important  role 
in  the  correlation  since  it  widely  occurrs  in  the 
Roadian  of  the  Arctic  Realm,  Far  East,  China 
and  Australia. 

Due  to  the  absence  of  the  necessary  data  wide 

correlations  between  the  remaining  part  of  the 

Upper  Permian  sequence  arc  impossible. 
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The  revision  of  plcurotomarian  gastropod  species  from  Western  Australia  has  seen  the 
generic  reassignment  of  three  species  and  description  of  four  new  species  in  three  genera, 
Mourlonia,  Ptychomphalina  and  Glabrocingulum.  Three  species  of  the  genus  Glabrocingulum 
are  recorded  from  Western  Australia  for  the  first  time. 


IN  A  SERIES  of  investigations  Dickins  (1956, 
1957,  1961,  1963)  has  studied  and  described  many 
bivalve  and  gastropod  species  from  the  Western 
Australian  Permian  marine  sequences.  These  have 
been  reviewed  by  Dickins  &  Skwarko  (1993)  but 
many  additional  collections  remain  to  be  described. 

Early  descriptions  of  gastropods  including  those 
of  Etheridge  Jnr  (1897,  1907)  and  Hosking  (1931) 
were  only  isolated  specimens.  Since  Dickins  (1963) 
no  major  work  on  Western  Australian  Permian 
gastropods  has  been  published.  In  his  work  on  the 
geology  of  the  Carnarvon  Basin,  Condon  (1967) 
provides  faunal  lists  as  part  of  his  description  of 
each  stratigraphic  unit,  but  the  bivalves  and 
gastropods  are  compiled  largely  from  the  work  of 
Dickins  (1963). 

Subsequent  taxonomic  and  systematic  palaeont¬ 
ological  studies  by  authors  such  as  Batten  (1967, 
1972),  Playford  ct  al.  (1975,  1976)  and  Taboada 
(1997)  have  resulted  in  the  review  some  of  Dickins’ 
1963  work.  This  paper  examines  previously  undcs- 
cribed  collection  material  housed  in  the  Australian 
Geological  Survey  Organisation  (formerly  Bureau 
of  Mineral  Resources)  collections. 

Species  described  are  from  the  marine  sequence 
of  the  Carnarvon  Basin,  and  the  Bonaparte  Gulf 
Basin.  The  most  recent  review  of  the  stratigraphy 
of  the  Carnarvon  Basin  is  found  in  Hocking  et  al. 
(1987),  whilst  Dickins  et  al.  (1972)  provide 
information  about  the  onshore  Bonaparte  Gulf 
Basin. 


SYSTEMATIC  PALAEONTOLOGY 

Phylum  MOLLUSCA 

Class  GASTROPODA 

Superfamily  PLEUROTOMARIACEA 
Swainson,  1840 


Family  EOTOMAR1IDAE  Wenz,  1938 

Tribe  PTYCHOMPHALIDES  Wenz,  1938. 

Dickins  (1963)  argued  that  Permian  pleuroto- 
marians  should  be  placed  within  the  family  Pleuro- 
tomariidae  because  their  overall  characteristics  are 
more  similar  to  those  of  the  Pleurotomariidae  than 
to  those  of  the  Eotomariidae.  Batten  (1967) 
subsequently  concluded  that  although  Permian 
pleurotomarians  do  not  closely  resemble  the  genus 
Eotomaria  they  do  have  many  characteristics  in 
common  with  other  younger  members  of  the  family. 
Batten  noted  that  Eotomaria,  an  Early  Palaeozoic 
gastropod,  is  not  typical  of  members  of  the  family, 
many  of  which  arc  more  specialised.  The  Pleuro¬ 
tomariidae,  however,  are  a  group  of  Mesozoic  and 
Tertiary  forms  and  in  the  interests  of  consistency 
the  Permian  Pleurotomarians  are  retained  within 
the  Palaeozoic  family  Eotomariidae. 

Genus  Mourlonia  dc  Koninck  1883 

Type  species.  Helix  carinatus  Sowerby,  1812.  From  the 
Lower  Carboniferous,  Visean,  near  Settle,  Yorkshire, 
England. 

Thomas  (1940)  considered  that  Ptychomphalina 
should  be  regarded  as  a  synonym  of  Mourlonia. 
Knight  ct  al.  (1960)  regarded  Ptychomphalina 
striata  (J.  Sowerby)  1817  to  be  a  synonym  of 
Mourlonia  carinata  (J.  Sowerby)  1812,  and  there¬ 
fore  considered  Ptychomphalina  a  synonym  of 
Mourlonia.  Batten  (1967)  considered  that  the  two 
species  probably  represented  two  distinct  groups 
within  the  species.  Dickins  (1978)  argued  that  there 
were  sufficient  differences  between  the  species  to 
warrant  their  individual  status  and  furthermore, 
that  if  Ptychomphalina  were  to  be  regarded  as  a 
synonym  of  Mourlonia  then  there  would  be  a 
number  of  species  left  without  a  generic  name. 
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Dickins  (1978)  noted  that  the  selenizone  of 
Ptychomphalina  was  distinctively  different  from 
that  of  Mourlonia,  it  being  flat  in  Mourlortia  and 
Ptychomphalina  having  a  distinct  groove  under  the 
selenizone.  He  also  notes  that  transverse  ornament 
is  more  strongly  developed  in  the  type  species 
of  Ptychomphalina,  whereas  it  is  subdued  in 
Mourlonia.  Knight  (1952)  was  the  first  to  recognise 
the  importance  of  the  slit  in  terms  of  gastropod 
morphology  and  therefore  its  importance  in 
gastropod  classification,  a  view  supported  by 
Yochelson  (1984).  Gordon  &  Yochelson  (1987) 
defined  the  major  difference  between  Ptychom¬ 
phalina  and  Mourlonia  as  a  difference  in  the 
appearance  and  structure  of  the  selenizone,  with 
Ptychomphalina  having  a  distinctly  raised  selcni- 
zonc.  Mourlonia  possesses  a  flat  to  convex  sclcni- 
zonc  whilst  Ptychomphalina  possesses  a  raised 
concave  selenizone  bordered  by  distinctive  ridges. 
This  view  is  supported  by  Taboada  (1997)  who 
assigned  members  of  two  species  previously 
thought  to  be  Mourlonia  to  Ptychomphalina  on  this 
basis. 

Mourlonia  maitlandi  (Etheridge  Jnr,  1903) 

Fig.  1A-C,  E 

Ptychomphalina  maitlandi  Etheridge  Jnr,  1903:  p.  24, 
pi.  1,  figs  13-15. 

Ptychomphalina  nmillandi — Dickins,  1963:  126,  pi.  24, 
figs  9-11. 

Ptychomplmlina  maitlandi — Dickins,  1963:  126,  pi.  24, 
figs  9-11;  pi.  57,  fig.  4. 

IPtychomplialina  maitlandi  Etheridge,  1914:  37. 

1  Ptychomphalina  maitlandi — Hosking,  1931:  36. 
IPtychomplialina  maitlandi — Raggatt  &  Fletcher,  1937: 
178. 

IPtychomplialina  maitlandi — Dickins  &  Thomas,  1956: 
51. 

IPtychomplialina  maitlandi — Guppy  et  al.  1958:  49. 
IPtychomplialina  maitlandi — Condon,  1967:  169. 

I  Ptychomphalina  cf.  maitlandi — Condon,  1967:  169. 
IPtychomplialina  nuiitlandi — Playford  et  al.  1975:  287. 

1  Ptychomphalina  maitlandi — Playford  et  al.  1976:  117. 


This  species  is  reassigned  to  Mourlonia  on  the 
basis  of  shape  of  selenizone  and  overall  morph, 
ology,  flat  selenizone  characteristic  of  Mourloni^ 

Material  and  localities.  One  specimen  from  AG$q 
locality  G353  (CPC  34939),  precise  location  unkno\vn 
top  of  Mallens  Sandstone.  One  specimen  from  locality 
ML9  (CPC  34938),  75  in  above  base  of  section,  SE  0f 
Donnelly’s  Well,  Coyrie  Formation.  One  specimen  froln 
AGSO  locality  F17  104.  2.4  km  S  of  Mcrlinleigj, 
Homestead,  90  m  N  of  Merlinlcigh-Mount  Sandini;m 
Road,  Bulgadoo  Shale.  One  specimen  from  the  Nalbja 
Sandstone,  precise  locality  unknown.  One  specimen 
from  AGSO  locality  MLI25,  W  of  Big  Hill,  Sty 
of  Muderong  Bore,  lat.  24°07'4I",  long.  1I4°46'00" 
Coolkilya  Formation. 

Diagnosis.  Shell  small  for  genus,  profile  stepper 
Flat  selenizone  bordered  by  lirae.  Growth  lines  wep 
defined. 

Description.  Upper  part  of  whorl  slightly  concavc 
immediately  below  selenizone,  then  convex  profile 
resulting  in  gentle  stepped  appearance  of  shell 
Lower  whorl  surface  convex.  Selenizone  fiat 
decorated  with  fine  lunulae  at  periphery  of  whorl 
and  bordered  by  lirae,  just  above  whorl  suture. 
Surface  ornamentation  of  well  defined  growth  lines 
faint  trace  of  one  or  two  spiral  lirae  on  upper  part 
of  whorl  surface.  Aperture  round,  no  umbilicus. 

Discussion.  This  species  is  herein  referred  to 
Mourlonia  on  the  basis  of  selenizone  structure 
and  overall  appearance — the  fiat  selenizone  being 
characteristic  of  Mourlonia,  and  Ptychomphalina 
possessing  a  raised  selenizone  with  concave  profile 
and  distinct  ridged  borders,  as  discussed  in  this 
paper.  This  species  is  similar  to  M.  talboti  (Dickins 
1963)  from  the  Late  Sakmarian  Fossil  Cliff 
Formation,  Perth  Basin,  but  is  easily  distinguished 
by  its  curved  whorl  profile  and  more  prominent 
growth  lines.  This  species  has  not  previously  been 
recorded  in  the  Carnarvon  Basin  and  this  record 
also  extends  its  range  from  the  Late  Sakmarian  to 
the  Kungurian. 


Fig.  I.  A,  Mourlonia  maitlandi  (Etheridge  Jnr,  1903),  apertura!  view,  CPC  34938,  x2.  B,  Mourlonia  maitlandi 
(Etheridge  Jnr,  1903),  apertural  view,  CPC  34939,  x2.  C,  Mourlonia  maitlandi  (Dickins,  1963),  basal  view, 
CPC  34939,  x2.  D,  Mourlonia  talboti  (Dickins,  1963),  apertural  view  UWA  8485,  x2.  E,  Mourlonia  maitlandi 
(Etheridge  Jnr,  1903),  side  view  showing  ornament,  CPC  34938,  x3.  F,  G,  Mourlonia  talboti  (Dickins,  1963), 
side  view,  apertural  view  CPC  34940,  xl.5,  x4.  H,  J,  Mourlonia  demissus  sp.  nov.,  holotype,  apical  view, 
side  view  SAM  P2194A,  x2.5,  xl.  K,  L,  Mourlonia  demissus  sp.  nov.,  tilted  apical  view,  side  view  SAM 
P2194B,  xl.  M,  P.  Ptychomphalina  dickinsi  sp.  nov.,  holotype,  side  view,  tilted  side  view,  CPC  34941,  x4. 
N,  Ptychomphalina  dickinsi  sp.  nov.,  tilted  side  view,  CPC  34942,  x4. 
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Stratigraphy  and  age.  Bulgadoo  Shale,  Nalbia 
Sandstone,  Coyne  Formation.  Artinskian-Baigend- 
zhinian  to  Kungurian  in  age. 

Mourlonia  talboti  (Dickins,  1963) 

Fig.  ID,  F-G 

Prychomplmlina  talboti  Dickins,  1963:  125,  pi.  24,  figs 
12-19. 

Mourlonia  talboti  Batten  1972:  15,  fig.  9. 
Ptychomphalina  talboti  Playford  et  al.  1976:  96. 
Mourlonia  talboti  Batten,  1985.  38. 

Mourlonia  talboti  Hollingworth  &  Barker  1991:  354. 
Ptychomphalina  talboti  Dickins  &  Skwarko,  1993:  micro¬ 
fiche  supplement  p.  19,  pi.  57,  figs  8,  12,  13. 

Ho  lo  type.  CPC  4007.  Fossil  Cliff,  Fossil  Cliff 
Formation. 

Material  and  localities.  One  specimen  from  AGSO 
locality  GW54,  7.6  km  bearing  115°  from  Dairy  Creek 
Homestead,  on  south  branch  of  Bush  Creek,  Coyric 
Formation,  Carnarvon  Basin.  One  specimen  from  AGSO 
locality  WB75,  2.2  km  on  a  bearing  of  176°  from  Bogadi 
Outcamp,  Upper  Madeline  Formation.  One  specimen  from 
AGSO  locality  ML9.  One  specimen  (CPC  34940)  from 
AGSO  locality  F23985  (also  AGSO  locality  WB8I), 
3.8  km  on  a  beating  046°  from  Keogh  Hill,  Upper 
Madeline  Formation.  One  further  specimen  from  the 
Coolkilya  Formation,  precise  locality  unknown.  Also 
examined  6  specimens,  all  numbered  8485  from  the 
UWA  collection. 

Diagnosis.  Small  for  genus.  Shell  conical,  whorl 
surfaces  flat,  slight  step  at  selenizonc.  Flat  selcni- 
zone  at  periphery  of  whorl,  adjacent  to  suture. 

Description.  The  upper  whorl  surface  is  flat, 
whilst  the  lower  surface  is  moderately  convex.  The 
suture  is  situated  immediately  below  the  selenizonc 
and  the  shell  is  conical.  The  selenizone  is  flat  in 
appearance,  bordered  on  either  side  by  very  fine 
lirae,  and  shows  faint  ornamentation  of  lunulae. 
Growth  lines  are  visible,  generally  prosocline 
except  immediately  below  selenizone  where  they 
are  opisthocline  for  a  short  distance.  Overall  shell 
appearance  is  smooth.  The  shell  has  a  rounded 
aperture,  no  umbilicus  and  callus  extends  only  a 
short  distance  outside  the  aperture. 

Discussion.  This  species  is  herein  referred  to 
Mourlonia  on  the  basis  of  its  selenizonc  structure 
and  overall  appearance.  It  is  similar  to  M.  mait- 
landi  (Etheridge,  1903)  from  Wandagcc  Station, 
Minilya  River,  Western  Australia,  but  distinguished 
primarily  on  the  basis  of  whorl  profile,  M.  talboti 
possessing  a  flat  upper  whorl  profile  and  M.  rnait- 
landi  a  curved  one.  The  material  assigned  to 
M.  talboti  by  Batten  (1972)  from  the  H.  S.  Lee 


Mine,  Perak,  Malaysia,  of  Late  Artinskian  age,  is 
different  in  appearance,  being  much  more  curved, 
and  possessing  a  well  defined  raised  selenizone. 
Without  examination  of  the  material  this  specimen 
appears  more  closely  allied  to  P.  dickinsi  sp.  nov. 
than  M.  talboti. 

Stratigraphy  and  age.  Coyrie  Formation,  Upper 
Madeline  Formation,  Coolkilya  Formation,  Late 
Artinskian-Baigendzhinian  to  Kungurian. 

Mourlonia  dcinissus  sp.  nov. 

Fig.  1H-L 

1  Mourlonia  humilis — Etheridge  1889,  p.  205. 

Mourlonia  humilis — Etheridge  1897,  p.  15,  pi.  I,  fig.  n 
Ptychomphalina  humilis — Etheridge,  1907. 

Mourlonia  humilis — Maitland,  1919,  p.  30. 
non  Pleurotomaria  humilis  de  Koninck,  1877,  p  187 
pi.  23,  fig.  14. 

non  Mourlonia  humilis — Fletcher  1958,  p.  118 

This  species  was  originally  described  from  a  single 
specimen  found  at  Raymond  Terrace,  New  South 
Wales.  Specimens  from  Western  Australia  were 
assigned  to  this  species  by  Etheridge  in  1889,  1897 
and  1907.  The  type  specimen  was  destroyed  by 
fire  in  1882  (Fletcher  1958),  prior  to  Etheridge 
assigning  any  material  from  Western  Australia  or 
the  Northern  Territory  to  this  species.  Fletcher 
(1958)  considers  it  extremely  unlikely  that  the 
specimen  described  by  dc  Koninck  is  the  same  as 
those  described  by  Etheridge.  Of  the  material 
described  and  in  some  cases  figured  by  Etheridge 
only  two  specimens  have  so  far  been  located,  these 
being  two  of  the  three  specimens  figured  in 
Etheridge's  1907  paper.  These  arc  herein  described 
as  a  new  species. 

In  view  of  the  destruction  of  de  Koninck’s  type 
specimen  of  P.  humilis  and  the  lack  of  material 
readily  identifiable  with  his  species,  it  is  suggested 
herein  that  the  name  P.  humilis  be  allowed  to  lapse 
in  the  interest  of  nomenclatural  stability. 

Etymology.  From  the  Latin  for  low,  reflecting  the  name 
originally  attributed  to  these  specimens  reflecting  low 
whorl  height. 

Holotype.  SAM  P2194A,  natural  cast  of  shell  from 
Fossil  Head,  Port  Keats  District,  Bonaparte  Basin, 
Northern  Territory. 

Material  and  locality  SAM  P2194A-B.  two  incomplete 
specimens,  one  (holotype)  of  approximately  4  whorls, 
one  of  two  whorls.  Fossil  Head,  Northern  Territory. 

Diagnosis.  Low  spired  turbiniform  shells,  spiral 
and  collabral  ornament  present,  slightly  raised  flat 
selenizone  at  whorl  suture. 
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Description.  Low  spired  turbiniform  shells,  spiral 
and  collabral  ornament  present  but  worn.  Numerous 
spiral  lirae  above  and  below  selenizone.  Whorl 
profile  flat  to  slightly  convex  on  upper  whorls, 
turbiniform  later  whorls.  Selenizone  at  whorl 
suture  forming  slight  stepped  appearance.  Growth 
lines  strongly  prosocline  above  selenizone,  opistho- 
cline  immediately  below  selenizone  then  more 
gently  prosocline.  Nature  of  aperture  not  known. 
Umbilicus  obscured  in  both  specimens. 

Discussion.  Mourlonia  demissus  is  markedly  dif¬ 
ferent  to  any  other  Mourlonia  found  in  Western 
Australia.  The  overall  shell  shape  is  most  like  that 
of  M.  talboti  (Dickins,  1963)  from  Fossil  Cliff, 
Irwin  River  area.  Western  Australia,  but  is  readily 
differentiated  by  its  broader,  lower  spired  shape. 
Both  M.  demissus  and  M.  talboti  are  distinctive  in 
having  a  smooth  profile  without  change  in  angle 
near  the  suture. 

Stratigraphy  and  age.  Beds  at  Fossil  Head, 
Treachery  Bay,  Port  Keats  area,  Kungurian. 


Genus  Plychomphalina  (Fischer,  1887) 

Type  species.  Helix!  striatus  Sowcrby  1817. 

The  status  of  the  genus  Ptychomphalina  has  raised 
considerable  discussion.  Its  relationship  with  the 
genus  Mourlonia  has  recieved  considerable  atten¬ 
tion  and  is  discussed  earlier  in  this  paper. 


Ptychomphalina  dickinsi  sp.  nov. 

Fig.  1M-P 

Etymology.  In  recognition  of  the  work  of  J.  M.  Dickins 
on  the  Permian  gastropods  of  Western  Australia. 

Materials  and  locality.  Holotype:  CPC  34941,  incom¬ 
plete  mould  from  AGSO  locality  GW54,  7.6  km  bearing 
115°  from  Dairy  Creek  Homestead,  on  south  branch  of 
Bush  Creek,  Carnarvon  Basin.  One  further  specimen 
(CPC  34942)  from  same  locality. 

Diagnosis.  Well  defined  selenizone  bordered  by 
prominent  ridges  with  concave  centre,  positioned 
above  suture.  Rounded  whorls,  stepped  profile. 

Description.  Moderately  high  spired  shell,  dis¬ 
tinctive  stepped  profile  with  rounded  whorls. 
Selenizone  above  suture,  bordered  by  pronounced 
lirae,  concave  in  shape  and  bearing  numerous  fine 
lunulae.  Strong  prosocline  collabral  ornament  on 
upper  whorl  surface,  fine  below  selenizone 


Discussion.  Ptychomphalina  dickinsi  bears  some 
resemblance  to  the  specimen  described  and  figured 
as  Mourlonia  talboti  by  Batten  (1972),  which  shows 
similar  ornament  and  profile  and  appears  to  possess 
the  same  distinctive  concave  selenizone  which 
would  place  it  in  the  genus  Ptychomphalina  rather 
than  in  Mourlonia.  It  is  similar  in  appearance 
to  Ptychomphalina  australis  (Sabattini  &  Noirat, 
1969)  as  redescribed  by  Taboada  (1997)  from  the 
Booral  Formation,  New  South  Wales,  Australia, 
but  has  a  more  distinctively  stepped  profile  and 
relatively  narrower  selenizone.  Taboada  (1997) 
describes  two  new  species  of  Ptychomphalina 
(P.  turgentis  and  P.  sabattinii)  from  the  La  Capilla 
Formation,  Corral  Villa,  5  km  north  of  Calingasta, 
San  Juan  Province,  Argentina,  which  have 
similar  ornamentation  but  both  arc  lower  spired 
than  P.  dickinsi.  P.  dickinsi  is  most  similar  to 
P.  kuttungensis  (Campbell  1961)  from  the  Isaacs 
Formation,  New  South  Wales,  which  is  also 
rounded  but  shows  a  less  stepped  profile. 

Stratigrapy  and  age.  Coyric  Formation,  Carnarvon 
Basin.  Artinskian,  Baigendzhinian. 


Tribe  EOTOMARIIDES  Wenz,  1938 

Genus  Glabrocingulum  Thomas,  1940 

Type  species.  Glabrocingulum  beggi  Thomas,  1940. 
From  the  Hollybush  limestone,  Calciferous  sandstone 
series,  Visean,  Scotland. 

The  genus  Glabrocingulum  was  erected  by  Thomas 
(1940)  to  describe  species  from  the  Carboniferous 
in  Scotland.  Subsequent  revision  of  the  genus  by 
Sloan  (1955)  broadened  the  definition  to  include 
a  number  of  similar  genera  which  he  designated 
subgcncra  within  a  broader  scale  grouping.  Sloan 
describes  the  genus  as  best  characterised  by  its 
ornamentation.  Revolving  and  transverse  ornament¬ 
ation  are  both  present  with  nodes  marking  the 
intersection  of  the  systems  of  lines.  The  selenizone 
lies  on  the  angle  between  the  upper  and  lower 
whorl  surfaces.  In  Permian  species  the  selenizone 
is  very  much  narrower  than  in  earlier  forms  (Batten 
1972). 


Subgenus  Glabrocingulum  (Stenozone) 
Batten,  1972 

Type  species.  Glabrocingulum  (Stenozone)  nodosuturala 
Batten,  1972.  From  the  H.  S.  Lee  Mine  No.  8  near 
Kampar,  Perak,  Malaysia. 
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This  subgenus  was  erected  by  Batten  (1972)  for 
a  group  of  Glabrocinguhvn  species  which  are 
unusually  large  for  the  genus.  Importantly  they 
have  dominant  spiral  ornament,  collabral  ornament 
is  limited  largely  to  interference  nodes,  giving  the 
appearance  of  rows  of  nodules.  These  tend  to  be 
most  prominent  closest  to  the  suture.  In  this  sub¬ 
genus  the  alveozone  (as  defined  by  Batten  1972) 
or  trough  just  below  the  selenizone  is  missing, 
giving  a  more  uniform  appearance.  Species  tend 
to  be  turbiniform  to  trochiform  in  shape.  The 
subgenus  refers  to  a  group  of  species  known  from 
the  Permian  of  Asia  and  South  America. 

Diagnosis.  The  diagnosis  provided  by  Batten 
(1972)  is  accepted. 

Discussion.  Waterhouse  (1963)  notes  that  Platy- 
teichum  johnstonei  bears  closest  resemblance  to 
Pleurotomaria  timorensis  (Wanner,  1922)  from  the 
Basleo  Beds  of  Timor,  both  of  which  were  sub¬ 
sequently  assigned  to  Glabrocingulum  (Slenozone) 
by  Batten  (1972).  Platyteichum  and  Mourlonia  are 
differentiated  on  the  basis  of  whorl  profile — Platy¬ 
teichum  has  a  flat  upper  whorl  while  Mourlonia 
has  a  gently  convex  upper  whorl.  The  major 
characteristic  distinguishing  Glabrocingulum  and 
Platyteichum  is  that  the  selenizone  and  coiling 
suture  are  perpendicular  to  the  columella  in  Glabro¬ 
cingulum  but  at  an  angle  less  than  perpendicular 
in  Platyteichum.  Platyteichum  johnstonei  has 
dominant  spiral  ornamentation,  step  like  whorl 
profile  and  the  selenizone/coiling  suture  is  per¬ 
pendicular  to  the  columella.  On  the  basis  of  these 
features  it  is  transferred  to  this  genus. 


Glabrocingulum  (Stenozone)  johnstonei 
(Dickins  1961) 

Fig.  2A-D 

Platyteichum  johnstonei  Dickins  1961,  p.  134,  pi.  17, 
figs  9-12. 

Platyteichum  johnstonei  Waterhouse  1963,  p.  130. 


Glabrocingulum  (Stenozone)  johnstonei  Batten,  1972 
p.  18. 

Platyteichum  johnstonei  Dickins  &  Skwarko,  1993:  micro¬ 
fiche  supplement  p.  20,  pi.  57,  figs  15-16. 

Material  and  localities.  Incomplete  specimen  (CPC 
34943)  from  AGSO  location  F17  104,  1.5  miles  south  of 
Merlinleigh  Homestead,  100  yds  north  of  Merlinleigh- 
Mt  Sandiman  Road.  Holotypc  UWA  42115,  and  figured 
specimen  UWA  27371,  from  University  of  Western 
Australia  collection. 

Diagnosis.  Numerous  spiral  lirae  evenly  spaced, 
fewer  above  selenizone.  Growth  lines  prosocline 
above  selenizone,  forming  small  nodes  at  inter¬ 
sections  with  lirae.  Selenizone  above  midpoint  of 
whorl.  Phaneromphalous. 

Description.  Globose  shell,  moderately  high 
spired,  distinct  shallow  sutures.  Selenizone  just 
above  periphery  of  whorl  and  bordered  by  spiral 
lirae  very  similar  to  the  rest  of  the  spiral  ornament. 
Spiral  ornament  dominant  consisting  of  numerous 
lirae  of  equal  prominence  above  and  below  the 
selenizone.  Faint  growth  lines  visible  prosocline 
above  selenizone,  forming  nodes  at  intersections 
of  spiral  lirae.  growth  lines  less  clear  below 
selenizone.  Phaneromphalous. 

Discussion.  Batten  (1972)  described  G.  (S. ).  john¬ 
stonei  as  similar  to  G.  (S.)  timorensis  (Wanner, 
1922)  from  the  Basleo  Beds,  Timor,  and  G.  (S.) 
brennensis  (Reed,  1932)  from  the  Agglomcratic 
Slate  of  Kashmir,  which  agrees  with  an  earlier 
observation  by  Waterhouse  (1963)  grouping  these 
species  on  the  basis  of  similar  characteristics.  Thus 
the  species  from  western  Australia,  Timor  and 
the  Agglomeralic  Slate  of  Kashmir  show  more 
similarities  than  species  front  eastern  Australia 
and  New  Zealand.  G.  (S.)  johnstonei  shows  most 
similarity  to  G.  (S.)  brennensis  but  can  be  differ¬ 
entiated  by  its  more  gently  sloping  whorl  surface, 
shallower  suture  trough  and  finer  growth  lines 
and  nodes. 

Stratigraphy  and  age.  Bulgadoo  Shale.  Baigend- 
zhinian  (Late  Artinskian). 


Fig.  2.  A,  D,  Glabrocingulum  (Stenozone)  johnstonei  (Dickins,  1961),  side  view,  basal  view,  UWA  27371,  x2. 
B,  Glabrocingulum  (Stenozone)  johnstonei  (Dickins.  1961).  side  view,  CPC  34943,  xl.  C,  Glabrocingulum  (Stenozone) 
johnstonei  (Dickins,  1961),  holotypc,  side  view  showing  ornament,  UWA  42115,  xl.5.  E,  F,  Glabrocingulum 
(Stenozone)  costatiformis  sp.  nov„  holotype,  apertural  view,  apical  view,  CPC  34944,  x3.  G,  upper  specimen 
Glabrocingulum  (Stenozone)  elegans  sp.  nov.,  holotypc.  apical  view  showing  ornament  pattern,  CPC  34946,  x2; 
lower  specimen  on  same  slab,  Glabrocingulum  (Stenozone)  costatiformis  sp.  nov.,  apical  view,  CPC  34945,  x2. 
H,  Glabrocingulum  (Stenozone)  elegans  sp.  nov..  tilted  side  view,  CPC  34946.  x2.  J,  Glabrocingulum  (Stenozone) 
elegans  sp.  nov.,  apical  view,  CPC  34946,  xl. 
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Glabrocingulum  (Stenozone)  costatiformis 

sp.  nov. 

Fig.  2E-G 

Etymology.  Latin  for  ribs. 

Material  and  locality.  Holotype:  Specimen  No.  CPC 
34944;  from  AGSO  locality  CC89,  Wandagee  Formation, 
precise  location  unknown.  One  further  specimen  from 
AGSO  locality  GW329  (CPC  34945),  Coolkilya 
Formation,  precise  location  unknown. 

Diagnosis.  Very  low  conical  turbiniform  shells, 
nodes  near  to  suture,  spiral  ornament  dominant, 
collabral  ornament  marked  only  by  nodes  on 
spiral  ornament.  Whorls  flattened  towards  suture. 
Selenizone  a  flat  band  above  suture. 

Description.  Turbiniform  shell,  very  flat  whorl 
surface  flat  towards  suture  curved  towards  peri¬ 
phery.  Selenizone  a  Hat  band  above  suture,  spiral 
ornament  dominant,  collabral  ornament  marked 
only  by  nodes  on  well  spaced  spiral  ornament. 
Nodes  more  pronounced  towards  top  of  whorl, 
convex  whorls  flattened  towards  suture,  some 
secondary  spiral  ornament  on  surface  of  whorl 
close  to  suture.  Specimens  small  for  genus. 

Discussion.  Glabrocingulum  (Stenozone)  costati¬ 
formis  is  an  unusually  small  species.  It  is  similar 
in  general  appearance  to  G.  (S.)  nodosuturala 
Batten  (1972)  from  the  H.  S.  Lee  Mine,  Perak, 
Malaysia,  but  has  a  smooth  rounded  whorl  profile 
and  the  ribs  arc  much  more  pronounced  than  the 
collabral  ornament.  Where  the  collabral  ornament 
crosses  the  ribs  nodes  are  formed  but  they  are 
smaller  than  those  of  G.  (S.)  nodosuturala.  The 
ribs  are  narrow,  well  defined  and  spaced  well 
apart  especially  close  to  the  suture  in  contrast  to 
G.  (S.)  nodosuturala.  There  are  about  five  or 
six  ribs  visible  on  the  whorl  surface  above  the 
selenizone.  Ornament  on  the  lower  surface  is  not 
visible  except  at  the  broken  margin  but  appears 
to  be  wider  spaced  ribs  similar  to  G.  (S.) 
nodosuturala. 

This  species  bears  close  resemblance  to  the 
specimens  described  and  figured  by  Waterhouse 
(1987)  as  Platyteichum  coniforme  from  the  Flat 
Top  Formation,  Bowen  Basin,  Queensland,  but 
G.  ( S .)  costatiformis  has  a  lower  spire  and  flatter 
profile.  Waterhouse  includes  the  specimens  des¬ 
cribed  by  Dickins  (1961)  as  Platyteichum  costatum 
in  his  description  of  P.  coniforme,  but  Dickins’ 
specimen  which  is  the  holotype  shows  a  very 
different,  almost  smooth  profile  rather  than  the 
stepped  shell  figured  by  Waterhouse.  Furthermore 
both  specimens  show  the  ornamentation  pattern  of 


nodes  at  the  intersection  of  spiral  and  collabral 
ornament  that  is  considered  distinctive  of  the  genus 
Glabrocingulum.  Dickins  also  figures  the  holotype 
of  Platyteichum  coniforme  which  again  has  a 
smooth  shell  profile  rather  than  the  stepped  profile 
shown  by  the  specimen  of  P.  coniforme  figured  by 
Waterhouse  (1987). 

Mourlonial  lyndonensis  Dickins  (1957),  from 
the  upper  part  of  the  Lyons  group,  Carnarvon 
Basin,  Western  Australia,  bears  close  resemblance 
to  G.  (S.)  costatiformis  but  appears  to  have  a 
more  pronounced  selenizone  and  narrower  whorls. 
Examination  of  the  specimens  of  M.l  lyndonensis 
may  show  it  to  belong  in  this  genus. 

Stratigraphy  and  age.  Wandagee  Formation, 
Coolkilya  Formation,  Late  Artinskian-Baigend- 
zhinian  to  Kungurian. 

Glabrocingulum  (Stenozone)  elegans  sp.  nov. 
Fig.  2G-J 

Etymology.  Latin  for  fine,  delicate. 

Holotype.  CPC  34946,  Coolkilya  Formation,  Kungurian. 

Material  and  location.  Single  specimen  (holotype)  on 
slab,  from  AGSO  locality  GW329,  Coolkilya  Formation, 
precise  location  unknown. 

Diagnosis.  Very  narrow  selenizone  just  below 
suture  on  whorl,  spiral  ornament  dominant,  fine 
collabral  ornament  forming  nodes  at  intersection 
with  spiral  ornament,  well  rounded  smooth  whorl 
profile. 

Description.  Turbiniform,  narrow  selenizone  just 
below  suture  on  whorl,  spiral  ornament  dominant, 
widely  spaced  at  top  of  whorl,  closer  adjacent  to 
selenizone  and  close  below  selenizone,  narrow 
depression  adjacent  to  suture,  fine  nodes  formed 
at  intersection  of  collabral  and  spiral  ornament, 
nodes  more  prominent  towards  top  of  whorl. 
Growth  lines  prosocline  above  and  below 
selenizone,  more  so  above.  Small  for  genus. 

Discussion.  This  species  is  distinguished  by  the 
very  fine  nature  of  the  ornament.  The  selenizone 
is  marked  by  the  deflection  of  growth  lines,  but 
is  not  bordered  by  distinctive  lirae.  It  possesses 
the  characteristic  pattern  of  nodes  at  the  intersection 
of  the  spiral  and  collabral  ornament  that  are  distinct 
to  the  genus,  but  the  ornamentation  is  much  finer 
than  other  representatives  of  the  species  and  the 
selenizone  is  much  less  distinct. 

Stratigraphy  and  age.  Coolkilya  Formation, 
Kungurian. 
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CONCLUSION 

It  is  interesting  to  note  that  the  species  described 
in  this  paper  are  all  very  small  representatives  of 
their  genera.  It  is  possible  that  they  may  have  been 
living  at  the  edge  of  their  generic  range  and  thus 
been  restricted  in  their  growth.  It  may  also  be  a 
reflection  of  environmental  conditions  such  as 
temperature  restricting  their  growth. 
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Eight  biostratigraphic  intervals  arc  defined  by  the  presence  of  foraminifera!  index  taxa  in 
the  Denison  Trough  lithostratigraphy.  They  are  used  to  correlate  14  boreholes  drilled  in  the 
flanks  and  periphery  of  the  Springsure  and  Consuelo  anticlines.  The  correlation  is  performed 
between  intervals  which  contain  the  index  taxon  and/or  the  key  species  associated.  A  species 
diversity  diagram  calculated  in  three  sequences  shows  diversity  peaks  here  interpreted  as 
indicating  climatic  ameliorations.  They  correspond  to  the  Pseudonodosaria  serocoldensis  Zone 
contained  in  the  upper  Sirius  Member  of  the  Cattle  Creek  Formation,  Late  Artinskian-Early 
Kungurian  in  age;  to  the  Pseudonodosaria  borealis-Hillella  marginodentata  Zone,  contained  in 
the  Upper  Ingelara-Catherine  Sandstone  Formations,  of  Kazanian  age;  and  to  the  Lunucammina 
rnaior  Zone  contained  in  the  Catherine  Sandstone-Lower  Peawaddy  Formations  of  Late 
Kazanian-Midian  age.  The  diachroneity  shown  through  the  biostratigraphic  and  lithostratigraphic 
correlation  is  not  considered  to  unreasonably  affect  the  chronological  outcome. 


RESULTS  of  research  on  Permian  smaller  fora¬ 
minifera  conducted  in  the  Geological  Survey  of 
Queensland  since  the  1970s  were  published  in  the 
last  decades  (Palmieri  1983,  1988,  1990,  1994; 
Foster  ct  al.  1985;  Draper  ct  al.  1990;  Palmieri 
et  al.  1994).  This  paper  complements  the  illustrative 
work  (Palmieri  1994)  and  constitutes  the  revised 
framework  for  the  distribution  of  the  Denison 
Trough  foraminifers.  The  tentative  correlation  with 
the  Novaya  Zemlya  Gusinozcmelian  Suite  of 
(Jfimian-Kazanian  age  (Kalashnikov  ct  al.  1981) 
given  in  Palmieri  (1983;  fig.  4)  is  here  revised 
after  the  recognition  of  Pseudonodosaria  borealis 
Gerke  and  12  other  nodosariid  species  of  foramini¬ 
fera  of  Kazanian  age  in  sediments  of  the  Ingelara 
Formation,  previously  thought  as  corrclatable  with 
the  Ufimian.  Similarly  index  species  names  pre¬ 
viously  given  by  the  author  (Palmieri  1990;  Draper 
et  al.  1990)  are  here  emended  in  agreement  with 
the  subsequent  nomcnclatorial  work. 

In  the  absence  of  fusulinid  foraminifers  the 
biostratigraphic  value  of  the  smaller  Permian 
foraminifers  of  the  Denison  Trough  was  determined 
independently.  It  was  then  related,  by  recognition 
of  affinity  with  or  identity  to  foraminiferal  species 
ranges,  to  stratigraphic  schemes  from  other 
Permian  basins  of  Australia.  It  is  worth  mentioning 
here  the  monograph  on  Permian  Foraminifera  of 
Tasmania  (Conkin  &  Conkin  1993)  which  confirms, 
enlarges  and  refines  their  stratigraphic  distribution. 
According  to  this  study,  in  the  opinion  of  the 
writer,  in  Tasmania  the  Malbina  and  Fern  Tree 
Formations  contain  foraminifers  similar  to  some 


respectively  found  in  the  Freitag  and  Ingelara 
Formations;  the  Berriedale  and  Mersey  Formations 
contain  foraminifers  similar  to  those  found  in  the 
Cattle  Creek  Formation;  the  Golden  Valley  Group 
and  Darlington  Limestone  Formation  contain  fora¬ 
minifers  similar  to  those  found  in  the  Fossil  Cliff 
Formation  (Perth  Basin);  the  Callytharra  Formation 
(Carnarvon  Basin);  and  the  Nura  Nura  Formation 
(Canning  Basin);  and  finally  the  Quantby  Mudstone 
contains  foraminifers  similar  to  those  found  in 
parts  of  the  Holmwood  Shale  (Perth  Basin);  the 
Carandibby  and  Nangetty  Glacial  Formation 
(Carnarvon  Basin);  and  the  Grant  Group  (Canning 
Basin),  Western  Australia.  In  the  management  of 
Australian  Permian  smaller  foraminifers  particular 
importance  is  also  given  to  the  results  of  fora- 
miniferal  research  in  the  Early  Permian  ‘arctic’ 
basins:  the  Canadian  Sverdrup  Basin  in  Mamet  & 
Pinard  (1992);  the  Norwegian  Barents  Sea  Basin 
in  Groves  &  Wahlman  (1997);  and  in  the  Late 
Permian  Russian  platform  and  trans-Caucasian 
areas  (Pronina  1988,  1994,  1996).  In  other  words 
it  is  implied  here  that  even  if  constrained  by  a 
generally  colder  climate  the  rate  of  evolution  of 
certain  smaller  foraminifers  of  Australia  may  have 
been  comparable  with  the  rate  evolution  of  similar 
smaller  foraminiferal  faunas  from  the  Boreal  and 
Paralethyan  regions.  For  the  purpose  of  this  paper 
and  also  because  they  w'ere  found  to  contain  the 
foraminifers  here  discussed,  only  samples  belonging 
to  selected  fully  cored  boreholes  drilled  by  the 
Queensland  Department  of  Mines  arc  here  con¬ 
sidered.  These  boreholes,  located  on  a  broken 
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line,  SSE-NNW  directed  and  about  250  km 
long  (Fig.  1),  are:  GSQ  Taroom  11-1 1A;  GSQ 
Eddystonc  I;  GSQ  Taroom  10;  GSQ  Eddystone  4; 
GSQ  Eddystone  5;  GSQ  Springsurc  2,  3;  GSQ 
Springsurc  11,  12;  GSQ  Springsure  10;  GSQ 

Springsurc  6-9;  GSQ  Springsure  19;  and  GSQ 

Springsure  18.  Stratigraphic  drilling  data  and 

references  arc  reported  in  Noon  &  Coote  (1983). 
The  lithostratigraphic  boundaries  adopted  are 

those  reported  in  Gray  (1976,  1980)  and  those  in 
Balfe  (1982)  with  some  modification  in  the  Cattle 
Creek  Formation.  As  a  provisional,  working  strati¬ 
graphic  scheme  for  the  Denison  Trough  the  one 
reported  in  Roberts  et  al.  (1996)  is  used  here 
(Fig.  2).  A  graphic  correlation  of  the  boreholes 
based  on  formations  and  on  foraminifcral  zones  is 
given  respectively  in  Figs  3  and  4.  It  is  to  be 
noted  that  the  zonal  intervals  correlated  with  the 


type  section  may  not  contain  the  index  taxon 
and  in  that  case  other  key  species  have  supported 
the  correlation. 


BIOSTRATIGRAPHY 

This  is  a  local  biostratigraphic  zonation  based, 
where  feasible,  on  first  occurrence,  in  stratigraphic 
but  not  necessarily  continuous  order,  of  index 
species  of  foraminifers,  usually  selected  among 
calcareous  hyaline  tests.  Where  these  are  not  avail¬ 
able,  as  for  instance  in  Early  Permian  sequences, 
local  range  of  selected  agglutinating  foraminifers 
are  considered,  as  the  final  aim  is  to  establish 
a  local,  workable  chronostratigraphic  scale.  First 
and/or  last  appearance  of  index  species  gives  then, 
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Fig.  2.  Stratigraphic  scheme  for  the  Permian  of  the  Denison  Trough  (modified  after  Roberts  et  al.  1996). 


Fig.  I.  Locality  map. 
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Bioslratigraphic  correlations  between  GSQ  boreholes  based  on  foraminiferal  zones  (modified  after  Palmieri  1983). 


178 


V.  PALMIERI 


in  this  context,  zonal  levels  not  necessarily 
isochronous.  They  are,  however,  illustrative  of 
environmental  change.  An  example  is  given  by 
Ammodiscus  corrugatus  whose  whereabouts  may 
be  followed  from  the  Freitag  to  the  Peawaddy 
Formations:  it  is,  however,  important  in  detecting 
a  shallow  marginal  marine  environment  of 
deposition  for  a  Late  Permian  formation. 

A  broad  biostratigraphic  scheme  for  stadial  sub¬ 
division  is  provided  in  Fig.  5:  it  is  obvious  that 
the  Asselian  and  Sakmarian  ranges  do  not  concern 
the  Denison  Trough. 

Figures  6-8  illustrate  the  diversity  of  the 
foraminiferal  faunas  as  number  of  species  with 
agglutinating,  calcareous  hyaline  and  calcareous 
imperforate  per  sample. 

Finally,  Figs  9-22  are  foraminifers  range  charts 
for  14  of  the  16  mentioned  GSQ  boreholes.  These 
foraminifers  are  stored  in  the  GSQ  Microfossil 
Collection. 


Howchinella  woodwardi  Zone 
Synonymy.  Assemblage  Zone  A1  (Palmieri  1983). 


The  index  taxon  is  found  in  GSQ  Springsure  9  at 
171.6  m  (31  m  above  the  fresh  water  Reids  Dome 
Beds)  in  mudstones  of  the  Mostyndale  Member, 
Cattle  Creek  Formation.  Originally  it  was  found 
in  the  upper  Fossil  Cliff  Formation,  Perth  Basin, 
then  in  the  upper  Callytharra  Formation,  Carnarvon 
Basin,  both  of  Late  Sakmarian-Early  Artinskian 
age.  In  GSQ  Springsure  9  the  zone  interval  is 
about  80  m.  The  assemblage  comprises  25  species 
of  which  5  are  calcareous  and  20  agglutinating. 
The  calcareous  Protonodosaria  lereta,  Earlandia 
condoni  are  known  from  the  late  Sakmarian-early 
Artinskian  of  Western  Australia.  The  zone  may 
represent  sediments  deposited  following  the  first 
sea  ingression  in  the  Denison  Trough. 

Key  species.  Ammobaculites  woolnouglii ,  Hyper- 
ammina  elegant issima,  Earlandia  condoni ,  Proto¬ 
nodosaria  tereta. 

Distribution.  GSQ  Springsure  9:  from  171.6  to 

99.4  m,  type  section;  GSQ  Springsure  8:  from 
455.0  to  411.4  m;  GSQ  Eddystone  4:  from  792.9 
to  724.9  m;  GSQ  Taroom  10:  from  1080.9  to 

1035.4  m. 


EARLY  PERMIAN 

LATE  PERMIAN 

ASSELIAN  |  SAKMARIAN  |  ARTINSKIAN  |  KUNGURIAN 

UFIMIAN  |  KAZANIAN  |  TAT. 

Tcwquinu  clivuli 


Nodus incllo id cs  sp. 


Protonodosaria 


A.  oonahensis 


Honchinella  woodwardi 


P.  radiostoma 


//.  rigida 


Pseudonodosaria  serocoldensis 


Lunucantmina  trianf’ulari: 


•  ^  .  7 


A.  corrugatus 


H.  mantuancsis 


P.  borealis 


L  maior 


Fig.  5.  Provisional  biostratigraphic/evolutionary  scheme  for  stadial  subdivision  from  Asselian  to  Kazanian. 
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Howchinella  rigida  Zone 

Synonymy.  Assemblage  Zone  A2  (Palmieri  1983). 

-plie  index  taxon  appears  in  GSQ  Springsurc  9  at 
99.4  m  and  is  absent  from  77.4  m.  This  interval 


is  found  in  GSQ  Springsure  8  between  424.3 
and  396.5  m.  Of  particular  importance  is  the  only 
presence  of  Hemigordius  schlumbergeri  in  GSQ 
Springsure  9  at  91.4  m  and  Meandrospira  sp.  at 
83.8  m.  An  Early  Artinskian  age  is  attributed  to 
this  interval. 


Fig.  6.  Foraminifcral  diversity  diagram  (number  of  species/sample)  for  GSQ  Taroom  10  (O  =  agglutinating  tests; 
X  =  calcareous  hyaline/microgranular  tests;  □  =  calcareous  imperforate  tests). 
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Key  species.  Hemigordius  schlumbergeri,  Mean- 
drospira  sp.,  Nodosaria  raggatti,  Sacculinella 
australae ,  Mooreinella  recurvata. 

Distribution.  GSQ  Springsure  9:  from  99.4  to 

77.4  m,  type  section;  GSQ  Springsure  8:  from 

424.3  to  411.4  m;  GSQ  Springsure  7:  from  411.4 
to  361.6  m;  GSQ  Eddystone  4;  from  724.3  to 

713.4  m;  GSQ  Taroom  10;  from  1035.4  to 
961.2  m. 


Pseudohyperammina  radiostoma  Zone 

Synonymy.  Assemblage  Zone  A3  (Palmieri  1983). 

The  index  taxon  appears  in  GSQ  Springsure  7  at 

356.5  m  and  continues  until  288.3  m.  The  taxon, 
which  has  its  origin  in  the  Carnarvon  Basin  Byro 
Group,  was  found  in  the  upper  Holmwood  Shales, 
Perth  Basin,  and  the  Noonkanbah  Formation 
Canning  Basin,  Western  Australia.  In  the  Denison 


Fig.  7.  Foraminiferal  diversity  diagram  for  GSQ  Springsure  2  and  3  (combined).  Legend  as  per  Fig.  6. 


FORAMINIFERA  ZONATION  IN  THE  PERMIAN  STRATIGRAPHY  OF  THE  DENISON  TROUGH  181 


Trough  this  zone  assumes  a  biofacies  aspect  and 
the  index  acts  as  a  local  marker.  An  Artinskian 
age  is  assigned  to  this  zone.  Pseudohyperammina 
radiostoma  is  found,  occasionally  in  abundance,  in 
mudstones  of  the  Moorooloo  Member  of  the  Cattle 
Creek  Formation. 

Key  species.  Mooreinella  bookeri,  Thurammin- 
oides  sphaeroidalis. 

Distribution.  GSQ  Springsurc  8:  from  46.9  to 
33.5  m;  GSQ  Springsure  7:  from  356.5  to 

288.3  m,  type  section;  GSQ  Eddystone  4:  at 

713.4  m;  GSQ  Taroom:  at  913.5  m  (index  taxon 
not  found). 


Fig.  8.  Foraminifcral  diversity  diagram  for  GSQ  Spring- 
sure  6-9  (combined).  Legend  as  per  Fig.  6. 


Pseudonodosaria  serocoldensis  Zone 

Synonymy.  Assemblage  Zones  A4  &  A5  (Palmieri 
1983). 

The  index  taxon  has  its  origin  in  the  Sirius  Member 
of  the  Cattle  Creek  Formation.  It  was  then  found 
in  the  late  Artinskian  of  all  the  other  marine  basins 
of  Australia  except  Tasmania,  however  a  key 
species  of  the  zone  ( Dentalina  grayi)  is  reported 
from  the  Berriedale  Limestones  (Conkin  &  Conkin 
1993:  p.  23,  pi.  6,  fig.  17).  A  profound  change 
is  manifested  in  or  just  before  the  zone  with  a 
steady  increase  in  the  number  of  calcareous  hyaline 
foraminifers.  Many  appear  for  the  first  time 
together  with  the  index  taxon. 

Similar  assemblages  occur  in  the  Late 
Artinskian-Early  Kungurian  of  the  Western 
Australia  basins,  i.e.  in  the  Carynginia  Formation 
(Perth  Basin),  in  the  Byro  Group  (Carnarvon 
Basin),  and  in  the  Noonkanbah  Formation  (Canning 
Basin).  In  the  Denison  Trough  the  Pseudonodosaria 
serocoldensis  Zone  is  part  of  the  Sirius  Member 
of  the  Cattle  Creek  Formation  where  it  represents 
a  significant  marine  ingression  and  amelioration 
of  the  climate  from  cold  to  cold  temperate.  The 
assigned  age  is  late  Artinskian  to  possibly  early 
Kungurian. 

Key  species.  Dentalina  grayi ,  Howchinella  aulax, 
H.  costata.  //.  Iiillae,  Ichthyolaria  sutilis ,  Nodosaria 
springsurensis. 

Distribution.  GSQ  Springsure  6;  from  222.6  to 
194.2  m,  type  section;  GSQ  Eddystone  4:  from 
654.7  to  612.8  m. 


Ammodiscus  corrugalus  Zone 

Synonymy.  Assemblage  Zone  B  (Palmieri  1983). 

The  zone  occur  in  the  Freitag  and  Ingclara  For¬ 
mations  of  Late  Permian  age.  As  stated  above  this 
zone  is  facies  controlled  and  is  related  to  the  estab¬ 
lishment  of  agglutinating  pioneering  foraminifers 
along  with  transgressional  seas.  The  index  taxon 
was  separated  from  the  similar,  but  not  identical, 
Ammodiscus  oonahensis  of  the  earliest  Permian  of 
Tasmania  and  South  Australia  where  it  may  have 
a  similar  environmental  meaning  in  pcriglacial  seas. 
This  index  taxon  has  a  major  importance  in  the 
Denison  Trough  because  it  initiates  the  access  of 
late  Permian  faunas  from  a  southeastward  direction. 
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It  is  in  fact  often  associated  with  Hyperammina 
cf.  hebdenensis ,  which,  together  with  Glornospirella 
nyei  iteratively  follows  the  sea  incursions  to  the 
Northern  Bowen  Basin  in  the  sediments  of  the 
Blenheim  Formation.  The  zone  is  recognised  in 
GSQ  Springsure  3  from  256.0  to  227.6  m.  In  out¬ 
crop  reaches  about  100  m  in  thickness  in  the 
Freitag-Ingelara  Formations  section  at  Aldebaran 
Creek  (South  Branch)  (Dickins  &  Malone  1973). 
The  zone  may  encompass  the  Ufimian-Kazanian 
age. 

Key  species .  Hyperammina  cf.  hebdenensis , 

Glornospirella  nyei. 

Distribution.  GSQ  Springsure  3:  from  256.0  to 
227.6  m,  type  section;  GSQ  Springsure  10:  at 
384.0  m;  GSQ  Springsure  18:  at  499.7  m;  GSQ 
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stone  5:  from  760.3  to  754.1  m;  GSQ  Eddystonc 
1 :  from  789.7  to  786.4  m;  GSQ  Eddystone  4:  from 
215.9  to  213.6  m;  GSQ  Taroom  10:  from  808.2 
to  798.0  m;  GSQ  Taroom  11:  from  222.5  to 
217.2  m.  All  intervals  belong  to  the  Ingelara 
Formation. 


Pseudonodosaria  borealis-Hillella  marginodentata 
Zone 

Synonymy.  Assemblage  Zone  Cl  (Palmieri  1983). 
Pseudonodosaria  minuta  Zone  (Palmieri  1990). 
Hillella  marginodentata  Zone  (Palmieri  1994). 
Pseudonodosaria  borealis  Zone  (Palmieri  et  al. 
1994). 
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Fig.  9.  Foraminifera  distribution  in  GSQ  Springsure  9.  Range-chart  of  presence/absence  by  lowest  appearance. 
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•j^c  zone  is  defined  by  the  interval  between  the 
j-lfSt  occurrence  of  Pseudonodosaria  borealis  and 
(l,e  last  occurrence  of  Hillella  tnarginodentata.  The 
index  taxa  appear  in  the  same  sample  in  GSQ 
•j-aroom  10  in  the  Ingelara  Formation  at  798.0  m, 
that  is  10  m  above  the  appearance  of  Ammodiscus 
corrugaius  in  the  same  borehole,  and  Hillella 
arginodentata  is  absent  above  750.0  m.  The  zone 
was  recognised  in  GSQ  Springsure  3  between  227.6 


and  150.4  m  and  in  GSQ  Springsure  18  between 
483.7  and  448.3  m.  In  nearly  all  the  other  bore¬ 
holes  the  zone  is  recognisable  through  the 
associated  assemblage  if  one  or  both  the  index 
taxa  are  missing.  The  zone  represents  the  first 
means  of  biostratigraphic  correlation  with  Kazanian 
foraminifers  faunas  from  the  Russian  Platform. 
It  has  no  equivalent  in  Australia  outside  the  Bowen 
Basin  perhaps  with  the  exception  of  the  fora- 
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Fig.  10.  Foraininifera  distribution  in  GSQ  Springsure  8.  Range-chart  of  prcsencc/absence  by  lowest  appearance. 
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V.  PALMIER  I 


minifers  faunas  from  the  Kulnura  Marine  Tongue 
of  the  Northern  Sydney  Basin.  New  nodosariid 
and  lagenid  species  make  their  first  appearance. 
The  zone  represents  in  the  type  section  of  GSQ 
Tarooin  10  a  suite  of  sediments  deposited  in 


Kazanian  age.  Generally  the  interval  belongs  to 
the  upper  Ingclara  Formation,  however,  it  encom¬ 
passes  on  the  fringe  of  the  Springsure  Shelf 
sediments  which  have  been  attributed  (Gray  1976) 
to  the  Catherine  Sandstone.  Where  the  Catherine 
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Fig.  11.  Foraminifera  distribution  in  GSQ  Springsure  7.  Range-chart  of  presence/absence  by  lowest  appearance. 
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Sandstone  does  not  exist  it  continues  in  the  lower¬ 
most  Peawaddy  Formation.  Roberts  et  al.  (1996) 
assign  an  absolute  age  of  253.4  ±  3.2  to  a  sample 
taken  at  about  480  m  in  GSQ  Springsure  18. 

Key  species.  Eocristellaria  initialis,  Howchiriella 
striatosulcata,  Lingulinodosaria  arctica,  Nodosaria 
draperi. 

Distribution.  GSQ  Tarooni  11:  from  217.2  to 
172.3  m;  GSQ  Taroom  10:  from  798.0  to 
750.9  m,  type  section;  GSQ  Eddystone  4:  from 
118.7  to  100.7  m;  GSQ  Eddystone  I:  at  786.4  m; 
GSQ  Eddystone  5:  at  745.8  m;  GSQ  Springsure 
19:  from  737.4  to  657.4  m;  GSQ  Springsure  18: 
from  483.7  to  448.3  m;  GSQ  Springsure  10:  from 
384.0  to  373.9  m;  GSQ  Springsure  3:  from  227.6 
to  150.4  m. 


Lunucammina  maior  Zone 

Synonymy.  Assemblage  Zone  C2  (Palmieri  1983). 
Lunucammina  maioris  Zone  (Palmieri  1990). 
Lunucammina  maioris  Zone  (Draper  et  al.  1990). 

The  index  taxon  appears  at  141.2  m  in  GSQ 
Springsure  3  and  becomes  absent  al  59.0  m.  It 
represents  the  continuity  of  iterative  evolution  of 
foraminifers  in  the  late  Kazanian-Murgabian,  with 
the  initial  development  of  relatively  larger  lunu- 
camminids  possibly  in  response  to  shallowing  of 
marine  waters  and  the  incoming  of  restricted 
conditions.  The  zone  is  represented  in  the  Catherine 
Sandstone  and  Peawaddy  Formation.  Particular 
importance  is  given  to  the  presence  of  the  species 
Pilammina  sp.,  now  under  study  by  the  author. 
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Fig.  12.  Foraminifera  distribution  in  GSQ  Springsure  6.  Range-chart  of  presence/absence  by  lowest  appearance. 


186 


V.  PALM1ER1 


This  species  occurs  in:  GSQ  Springsure  3  at 
59.0  m  (lowermost  Peawaddy  Formation);  GSQ 
Taroom  10  at  734.9  m  (lowermost  Peawaddy 


Formation);  an  outcrop  sample  of  the  Flat  Top 
Formation,  southeast  Bowen  Basin,  and  of  the 
Gigoomgan  Limestone,  Gympie  Basin. 
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pr£y  species.  Calvezina  sp.,  Denlalina  habra , 
jciilhyolaria  laevicosiala ,  Howchinella  incisa, 
Plipnunina  sp.,  Trochammina  laevis. 

distribution.  GSQ  Springsure  3:  from  141 .2  to 
59  0  m,  type  section;  GSQ  Springsure  2:  at 


243.0  m;  GSQ  Springsure  10; 
145.0  m;  GSQ  Springsure  19: 
655.0  m;  GSQ  Eddystone  4;  at 
Eddystone  1:  from  774.2  to  759.0 
stone  4:  at  99.2  m;  GSQ  Taroom 
GSQ  taroom  11:  at  141.2  m. 
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Howchinella  mantuanensis  Zone 


Synonymy.  Assemblage  Zone  C3  (Palmieri  1983). 


The  index  taxon  represent  the  last  stage  of  the 
evolutionary  lineage  of  the  howchinellid  in  the 
Permian  of  Australia  and  it  may  feature  a  certain 
amount  of  endemism.  Abundant  Agathanvnina 
pusilla  and  Cryptoseptida  caseyi  give  affinity  with 
association  of  Midian  age  (Pronina  1988).  The  zone 
include  sediments  of  the  Mantuan  Productus  Bed 
and  the  very  first  glauconitic  sandy  siltslone  of  the 
Black  Alley  Shale.  The  latter  represents  the  last 
stage  of  a  shallow  restricted  marine  environment 
with  the  area  subjected  to  uplift  and  consequent 
creation  of  a  lacustrine  environment. 
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114.3  m,  type  section. 


CONCLUSION 

Sediments  drilled  in  the  Denison  Trough  (a  Sub- 
Basin  of  the  Bowen  Basin)  can  be  subdivided  in 
foraminiferal  zones  which  serve  to  independently 
correlate  the  stratigraphy  of  the  boreholes.  The 
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Fig.  15.  Foraminifera  distribution  in  GSQ  Springsure  10.  Range-chart  of  presence/absence  by  lowest  appearance. 
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amount  of  diachroneity  perceived,  which  has  to  he 
expected  when  considering  the  migration  and  the 
settlement  of  the  fauna,  does  not  seem  to  have 
reached  unreasonable  proportion.  This  simple  bio- 
stratigraphic  scheme  may  work  as  a  basis  for 
further  and  more  refined  research,  perhaps  requiring 
the  establishment  of  field  stratigraphic  sections  for 
multidisciplinary  studies,  including  the  correlation 
with  coeval  section  of  the  Boreal  Hemisphere.  For 
example,  the  record  of  the  first  occurrence  of  a 
species  of  the  genus  Pilammina  here  reported  may 
point  to  such  achievement. 
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Fig.  16.  Foraminifera  distribution  in  GSQ  Springsure  18.  Range-chart  of  presence/absence  by  lowest  appearance. 
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Fig.  17.  Foraminifera  distribution  in  GSQ  Springsure  19.  Range-chart  of  presence/absence  by  lowest  appearance. 
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Fig.  18.  Foraminifera  distribution  in  GSQ  Eddystone  5.  Range-chart  of  presence/absence  by  lowest  appearance. 
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F7g.  /9.  Foraminifera  distribution  in  GSQ  Eddystone  1.  Range-chart  of  presence/absence  by  lowest  appearance. 
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Fig.  20.  Foraminifera  distribution  in  GSQ  Eddysrone  4.  Range-chart  of  presence/absence  by  lowest  appearance. 


194 


V.  PALMIER  I 


‘dm  WNIHHWIId 
S  I  SNBNtmiNWH  W133NIHOMOH 
•dm  S3Q  Z  ON  X  T3QNMdS 

siSN3ansoNiads  wi««sqoon 
snuns  MIM«10AH1H3I 
UlUGinSOlWIMiS  HliaNIHOflOH 
awmiM  wnaNiHonoH 
-d«  uHnnunoaa 

USI3NI  Mn3N  I  H3HOH 

wittsniawrro  ->o-d«  wnadidsowono 

iniisnd  «M3«HdEQWH«Sd 
dm  ul33HiadOOU 
*  d  •  uidosoaoNomoNn 
aaidun  ttiawioAMiMOi 
«NUWSSMM3  W  X  yW!OAHlM3  I 
SI3UIXINI  WlMWn3iSIM303 
S  3Q  I  Od  I  dSOWOlO  WNm31M3nOHH« 
Sn3I2UN3333  S3inn3M0QHMW 
snu3»oa  MiawsoaoNoan3Sd 
IiiWOOMU  UIHUSOQON 
*  d*  *  u  i«3dMaa  widosoaoH 
w«mw  «m3HIH3MOH 
U1U1N3QON  I  QyUH  «313miH 

iauuo  wHn«iN3a 

fc<3 I d3bMdS X  H3H  WN!HW«33b5 
umodMi  wiamoAHiH3i 
S  I  SN3N3aa3M  ■  t  =>  «NIHH«83dAH 
X  3  AN  «n3«IdS0H030 
Sfuwonaaoo  snasiaowMb 
sn«aioa3«Hd5  saa  i  on  x  wwaanm 

S ISN3N3O03H  WNIHHW»3dAH 
w*nxmn«3  wNiHHMMsoai 
t  "dm  «aidSOMQNb3W 
wmndMb  uNiwHbaabS 
bi3d3i  bid«soaoNOiOdd 
SISN3NIMUI  UIUbSOaONOlOdd 
b31Qdd  «3131M3ftOHiMO 
IilWOO«M*N*>3*d»  WiaWSOOON 
SN3d3UHQU  UdldSOWOlO 
UiONIU  «ION«1«H3 
IHi«3H  wn3NMQl  X  3103 
«i«0N033  «n3NHQiI33«3 
sruaNisinnw  snasiaonww 
biwinaNO  mn  x  wwudAioi 
sia«nnoN«xai  mn i HwwsnNnn 
bH I SS I XNUQ3T3  UNIMUU»3dAH 
lodwriaoan  wmiH  x  hohom 

INOXlMbH  CniadOOIHBH 
SN3M3MOW  Mn3ia3ftI3lM3 
iHonoNioon  S3i i nnobooHWb 
-dm  WNIHHHaawS 
Id3>OOa  W333NI3aOOH 
Id3H3i33d  WNIHHttM3dAH 
I3AN  *>3  WTT3a X  dCOUOlO 
snaixxN  snssiaoHHb 


O'  (>  ci  w  m 


vo  •<  cs  o 
m  n  •«  m  m 
vo  n 


CD  o  o  H  N 


•*  m  aj  <  cd 

»0  f'-  c»  o  o 

n  fs  co  o 


O'  O'  m  n  m 


n  n  n  n  m 

h  >o  h  n  n 

GO  00  O'  O'  O' 


«*  O' 

O  O'  C 4 

.  .  •  m  o 

o  co  h  n  co 

»o  «r>  vo  o  O 

O'  O'  O'  H  H 


Fig.  21.  Foraminifera  distribution  in  GSQ  Taroom  10.  Range-chart  of  presence/absence  by  lowest  appearance. 
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Fig.  22.  Foraminifera  distribution  in  GSQ  Taroom  11.  Range-chart  of  presence/absence  by  lowest  appearance. 
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The  Permian-Triassic  boundary  (PTB)  can  be  defined  with  the  first  appearance  datum 
(FAD)  of  Hindeodus  parvus  within  the  phylomorphogenetic  lineage  H.  typicalis-H.  latidentatus 
praeparvus-H.  parvus.  The  advantages  of  this  boundary  are:  (1)  The  FAD  of  H.  parvus  lies 
within  a  known  phylomorphogenetic  lineage.  (2)  II.  parvus  occurs  both  in  ammonoid-free 
shallow-water  limestones  and  in  deep-water  sediments.  (3)  H.  parvus  occurs  in  all  faunal 
provinces,  both  in  low  latitude  warm-water  deposits  and  in  high  latitude  cold-water  deposits. 

The  base  of  the  Asselian  (=base  of  the  Permian,  FAD  of  Streptognathodus  isolatus)  and 
the  base  of  the  Kungurian  (if  defined  with  the  FAD  of  Neostreptognathodus  pnevi)  are 
correlatable  world-wide  in  marine  deposits.  The  base  of  the  Sakmarian  and  of  the  Artinskian 
are  so  far  not  well  defined.  The  base  of  the  Roadian  is  defined  with  the  FAD  of  Mesogondolella 
nankingensis  that  is  contemporaneous  with  the  FAD  of  Mesogondolella  saraciniensis  and 
M.  gracilis  in  the  smooth  Mesogondolella  lineages.  Within  the  Wordian  and  Capitanian, 
the  warm-water  serrated  Mesogondolella  and  the  cool-water  (or  cold  bottom-water)  smooth 
Mesogondolella  lineages  are  not  well  correlated.  The  base  of  the  Lopingian  Series  (FAD  of 
Clarkina  postbitteri )  is  not  yet  well  defined  because  this  species  is  absent  in  the  Boreal  realm, 
western  and  central  Tcthys,  and  in  the  eastern  Tethyan  it  is  an  immigrant  that  replaces  suddenly 
the  serrated  Mesogondolella.  Its  forerunner,  Clarkina  crofti,  is  so  far  only  known  from  Texas. 
A  definition  of  the  base  of  the  Lopingian  with  the  FAD  of  Clarkina  altudaensis  would  allow 
the  recognition  of  this  boundary  within  the  phylomorphogenetic  lineage  Mesogondolella 
shannoni-C.  altudaensis  both  in  the  Tethys  and  in  western  North  America.  The  base  of 
the  Dzhulfian  s.s.  is  well  defined  by  the  FAD  of  Clarkina  leveni  that  developed  from 
C.  niuzhuangensis.  The  base  of  the  Dorashamian  is  defined  by  the  FAD  of  C.  subcarinata 
that  evolved  from  C.  longicuspidata.  Both  boundaries  are  so  far  only  precisely  recognisable 
in  the  Tethyan  pelagic  faunas  because  the  exact  correlation  with  the  Boreal  conodont  fauna 
and  with  the  Tethyan  shallow-water  successions  are  unknown.  Between  the  top  of  the  Capitanian 
and  the  base  of  the  Dzhulfian  s.s.,  there  are  2-3  major  conodont  zones  (depending  on  the 
final  definition  of  the  base  of  the  Lopingian).  The  introduction  of  a  new  stage  or  the  restriction 
of  a  revised  Abadehian  Stage  to  this  time  interval  is  favoured. 

The  Dzhulfian  Mesogondolella  britannica  sp.  nov.  is  described  and  the  synonymy  of 
Stepanovites  and  Sweetina  is  explained. 


ADVANTAGE  AND  PROBLEMS  OF  THE 
CONODONT  CHRONOLOGY 

CONODONTS  are  the  best  suited  fossils  for 
definition  of  most  Permian  stages  and  substages 
because  they  arc  less  affected  by  provincialism  than 
all  the  other  slratigraphically  important  fossils. 
However,  they  are  absent  from  major  areas  with 
cold-water  deposits,  e.g.  in  Asselian  glaciomarine 
deposits  of  Gondwana  and  in  Permian  cold-water 
deposits  of  northeast  Siberia.  The  known  Lower 
Permian  conodonts  have  at  the  same  water  depth 
nearly  the  same  faunal  composition.  However, 
in  high  latitude  Gondwana  marine  deposits  they 
are  missing  in  the  Asselian-Sakmarian  (too  low 
water  temperature).  The  Asselian  Gotulolellodies 
cnadiensis  is  restricted  to  the  Boreal  realm  that 
had  in  that  time  a  rather  warm  climate  with  marine 


algae,  fusulinids  and  corals.  In  the  Artinskian- 
Kungurian,  a  low-diversity  Vjalovognatlius  fauna 
occurs  in  eastern  Gondwana  (Western  Australia; 
Nicoll  &  Metcalfe  1997).  The  latter  genus  is  also 
present  in  moderate  to  high  diversity  conodont 
faunas  of  the  eastern  Perigondwana  margin  (Kozur 
1995a).  From  western  Gondwana  (Bolivia)  through 
North  America  and  the  Tethys  to  Svalbard  identical 
pre-Kungurian  Lower  Permian  conodont  faunas 
occur  in  similar  facies.  During  the  Kungurian,  the 
conodont  provincialism  became  somewhat  stronger. 
For  instance,  Neostreptognathodus  pnevi  Kozur  & 
Movshovich  is  only  known  in  the  Boreal  realm 
and  in  areas  that  were  connected  with  the  Boreal 
realm,  as  the  Cis-Ural,  in  the  Phosphoria  Basin 
and  very  rarely  in  Texas  (Movshovich  et  al.  1979; 
Wardlaw  1983;  Behnken  et  al.  1986),  whereas 
N.  exsculptus  Igo  is  present  in  the  Tethys,  in  the 
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Circum-Pacific  area  and  in  western  North  America, 
but  missing  in  the  Cis-Urals  and  in  the  Boreal 
realm  (Kozur  1996a). 

During  the  Middle  and  Late  Permian,  the  warm- 
water  and  cool-water  conodont  faunas  are  totally 
different.  The  cool-water  faunas  do  not  just  occur 
in  high  latitudes,  but  also  in  open-sea  environments 
in  the  tropical  Tcthys,  if  the  water  depth  was  below 
200  m  and  the  areas  were  connected  to  the  cold 
bottom-water  currents  as  indicated  by  the  presence 
of  palaeopsychrospheric  ostracods  (Kozur  1991a). 
Consequently,  all  Tcthyan  Guadalupian  open-sea 
pelagic  faunas  have  cool-water  conodont  faunas 
without  serrated,  but  only  with  smooth  Mesogon- 
dolella.  The  same  problems  with  the  conodont 
correlations  exist  during  the  Lopingian.  The 
Clarkina  leveni  lineage,  to  which  belong  all 
zonal  index  forms  of  the  tropical  pelagic  Tcthyan 
Lopingian,  is  restricted  to  warm-water  and  partly 
to  warm  temperate  water.  In  contrast,  Mesogon- 
dolella  britcinnica  sp.  nov.  and  Merrillina  divergens 
(Bender  &  Stoppel)  characterise  the  Dzhulfian  high 
latitude  cool-water  to  cool-temperate  faunas  (that 
may  invade  also  those  low  latitude  areas  that  have 
only  a  connection  to  the  Boreal  sea),  and  the  cool- 
water  Dorashamian  is  characterised  by  Clarkina 
of  the  C.  carinala  group  that  invaded  the  central 
and  western  Tethys  only  in  the  Lower  Triassic 
Isarcicella  isarcica  Zone.  With  exception  of  the 
base  of  the  Guadalupian  and  the  Pcrmian-Triassic 
boundary  (PTB),  the  correlations  of  the  warm-  and 
cool-water  faunas  are  not  yet  well  understood. 

Hindeodus  and  Merrillina  occur  both  in  warm- 
and  cold-water  deposits,  but  Hindeodus  has  short¬ 
ranging  species  only  during  the  uppermost  Permian 
and  lowermost  Triassic,  whereas  Merrillina  needs 
a  thorough  taxonomic  revision  before  it  can  be 
applied  to  stratigraphic  correlations. 

The  pelagic  and  shallow-water  conodont  faunas 
are  also  very  different,  but  in  slope  sediments 
both  types  may  occur  together.  In  the  Lower 
Permian  Cis-Uralian  Series,  both  shallow-water 
and  deep-water  conodonts  are  well  suited  for 
stratigraphic  subdivisions  and  correlations.  During 
the  Middle  and  Late  Permian,  except  the  Roadian 
and  the  upper  Dorashamian,  either  only  long- 
ranging  shallow-water  conodonts  are  present  or  the 
range  of  shallow-water  species  is  not  yet  well 
established. 

Recently,  it  has  been  attempted  to  define  all 
Permian  stages  as  well  as  the  base  and  the  top  of 
the  Permian  with  conodonts.  For  the  Guadalupian 
and  Lopingian  Series  this  may  be  problematical. 
Particularly  if  the  stages  arc  defined  with  warm- 
water  gondolellids  that  are,  except  for  the  base 
of  the  Roadian,  not  yet  well  correlated  with 


cool-water  gondolellids  or  with  the  shallow-water 
conodont  successions,  the  recognition  of  the 
conodont-defined  stages  is  very  difficult  in  the 
Boreal  realm,  Gondwana  and  in  Tcthyan  shallow- 
water  or  cold  bottom-water  faunas.  A  Middle- 
Upper  Permian  warm-water  gondolellid  zonation 
alone,  without  serious  consideration  of  ammonoids 
fusulinids  and  radiolarians  is  not  suited  f0r 
definition  of  correlatable  Permian  stages  and  sub¬ 
stages.  At  least  the  correlation  with  the  ammonoid 
and  fusulinid  zonations  as  well  as  with  the  cool- 
water  conodont  zonation  should  be  established 
before  such  a  definition.  If  the  first  appearance 
datum  (FAD)  of  Mesogondolella  aserrata  and 
M.  posiserrata  does  not  coincide  with  a  change 
cither  in  the  cool-water  gondolellid  fauna,  and/or 
ammonoid  fauna  and/or  in  fusulinid  faunas,  these 
FAD  are  difficult  to  use  for  definition  of  the  base 
of  the  Wordian  and  Capitanian  stages  respectively 
For  the  FAD  of  M.  aserrata  this  is  rather  probable 
and,  moreover,  this  FAD  lies  distinctly  above  the 
FAD  of  Waagenoceras ,  the  traditional  base  of  the 
Wordian. 


BOUNDARIES  OF  THE  PERMIAN 

The  base  of  the  Permian  (base  of  the  Asselian 
Stage)  is  the  only  officially  approved  stratigraphic 
boundary  of  the  Permian  System  (Davydov  ct  al. 
1995,  1996;  Chernykh  et  al.  1997;  Chernykh  & 
Ritter  1997).  It  was  defined  by  the  first  appear¬ 
ance  datum  (FAD)  of  Streptognathodus  isolatus 
Chernykh  et  al.  (forerunner:  S.  wabaunsensis 
Gunnell)  in  the  Aidaralash  section  (southern 
Cis-Urals).  This  boundary  coincides  with  the 
base  of  the  S.  invaginatus-S.  fuchengensis  Zone 
(Kozur  1996a)  and  lies  in  Aidaralash  6.3  m  below 
the  traditional  fusulinacean  boundary,  the  base 
of  the  Sphaeroschwagerina  vulgaris-S.  fusiformis 
Zone  marked  in  Aidaralash  by  the  FAD  of 
Sphaeroschwagerina,  and  26.8  m  below  the 
traditional  ammonoid  boundary  ( Svetlanoceras - 
Juresanites  genozone),  marked  in  Aidaralash  by 
the  first  appearance  of  Svetlanoceras  primore 
and  Prostacheoceras  principale.  The  correlation 
with  the  low  latitude  ammonoid  faunas  is  not 
well  established,  but  it  lies  below  the  FAD  of 
Properrinites,  the  traditional  Tcthyan  Carbon- 
iferous-Permian  boundary. 

The  correlation  with  continental  beds  is  difficult 
because  the  Carboniferous-Permian  boundary  is  not 
an  event  boundary.  According  to  Kozur  (1989)  it 
corresponds  to  the  base  of  the  Lioestheria  paupera 
conchoslracan  Zone  (and  correlated  other  faunal 
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zones;  Kozur  1990b:  20,  table  6;  Kozur  1993e: 
table  2),  somewhat  above  the  base  of  the  Autunia 
conferta  floral  assemblage  zone.  A  similar  cor¬ 
relation  was  presented  by  Schneider  et  al.  (1995). 

The  definition  of  the  Permian-Triassic  boundary 
(PTB)  with  the  FAD  of  Hindeodus  parvus  (Kozur 
&  Pjatakova)  within  the  phylomorphogenetic  line¬ 
age  H.  typicalis  (Sweet)-//,  latidentatus  praeparvus 
Kozur -H.  parvus  is  now  widely  accepted  (Yin 
Hongfu  1985,  1993;  Kotlyar  et  al.  1993;  Kozur 


1994a,  1995a,  1995b,  1996a,  1996b,  1996c,  1996d, 
1997a,  1997b,  1997c.  I997d,  in  press;  Pauli  & 
Pauli  1994;  Wang  Cheng- Yuan  1994,  1995;  Zhu 
Xiang-shui  et  al.  1994;  Ding  Meihua  et  al.  1995; 
Zhang  Kcxin  et  al.  1995,  1996;  Igo  1996;  Kozur 
et  al.  1996;  Lai  Xulong  et  al.  1996;  Wang  Cheng- 
Yuan  et  al.  1996;  Wignall  &  Hallam  1996;  Wignall 
et  al.  1996;  Yin  Hongfu  et  al.  1996a,  1996b;  Yin 
Hongfu  &  Zhang  Kexin  1996;  Hallam  &  Wignall 
1997;  Zhu  Xiangshui  &  Lin  Liansheng  1997). 
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Fig.  I.  Ammonoid  and  conodont  zonation  across  the  Permian-Triassic  boundary  (from  Kozur,  in  press).  Vertical 
distances  not  time-related.  1)  Kozur  (1993),  Krystyn  &  Orchard  (1996)  and  Kozur  (1997a).  2)  Tozer  (1967)  and 
Gagys  &  Ermakov  (1996).  m  =  original  biostratigraphic  Permian-Triassic  boundary,  recognisable  only  in  western 
Perigondwana.  aaa  =  proposed  Permian-Triassic  boundary,  world-wide  recognisable  in  shallow  and  pelagic  marine 
beds.  *  =  end  of  the  mass  occurrences  of  marine  fungi  (Tympanicysta  etc.),  ttt  =  main  extinction  event  of  the 
Tethyan  shallow  warm-water  benthos. 
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The  FAD  of  H.  parvus  nearly  coincides  with 
the  base  of  the  Otoceras  woodwardi  Zone;  it  lies 
only  a  few  centimetres  below  this  boundary.  How¬ 
ever,  the  Otoceras  concavum  Zone  and  most  of 
the  O.  boreale  Zone  of  the  Arctic  are  older  than 
the  O.  woodwardi  Zone  and  the  Hindeodus  parvus 
Zone  (Figs  1,  2).  In  Greenland,  the  lower  part 
of  the  Otoceras  beds  (‘ Glyptophiceras  Beds’)  was 
assigned  to  the  O.  concavum  Zone  (Tozer  1967), 


but  Dagys  (1994)  demonstrated  that  it  belongs 
to  the  lower  O.  boreale  Zone,  whereas  the  Meto- 
phiceras  subdemissum  Zone  belongs  to  the  upper 
O.  boreale  Zone  s.l.  A  restudy  ol  the  conodont 
material  published  by  Sweet  (1976)  from  the 
Otoceras- bearing  beds  of  Greenland  has  shown  the 
following  conodont  distribution:  (1)  The  lowermost 
Otoceras  beds  contain  Clarkina  deflecta  Wang  & 
Wang,  Clarkina  sp.  nov.  A  of  the  C.  carinata  group 


Fig.  2.  Correlation  chart  of  some  important  marine  and  continental  successions  from  Kozur  (in  press).  Detailed 
only  around  the  PTB.  Vertical  scale  not  thickness-  or  time-related!  The  upper  Capitanian  part  is  only  shown  for 
the  continental  successions  (Fig.  2b).  After  Baud  et  al.  (1996),  Cheng  Zengwu  et  al.  (1989),  jin  Yugan  et  al.  (1996), 
Kozur  (1989,  1994b,  1996).  Kozur  &  Seidel  (1983),  Kozur  et  al.  (1996),  Krystyn  &  Orchard  (1996),  Lozovsky 
(1993),  Lucas  (1993),  Perch-Nielscn  et  al.  (1974),  Rasmussen  et  al.  (1990),  Renne  (1995),  Sadovnikov  &  Orlova 
(1993),  Teichert  &  Kumrnel  (1976),  Tozer  (1967),  Tuzhikova  (1985),  Xia  Fengsheng  &  Zhang  Bingao  (1992)  and 


THE  PERMIAN  CONODONT  BIOCHRONOLOGY 


201 


and  Hindeodus  typicalis.  (2)  The  largest  part  of 
die  Otoceras  beds  contains  a  low  diversity,  but 
rjch  conodont  fauna  with  Clarkina  sp.  nov.  A  and 
//.  typicalis,  in  the  upper  Otoceras- bearing  beds 
additionally  increasing  amounts  of  H.  latidentatus 
praeparvus.  (3)  Very  primitive  H.  parvus  occurs 
id  an  interval  that  has  not  yielded  neither  Otoceras 
nor  the  guideforms  of  the  Ophiceras  commune 
2one.  This  level  contains  last  small  Hypophiceras, 


Tompophiceras  gracile  (Spath)  and  T.  pascoei 
(Spath).  The  latter  two  species  are  guideforms  of 
the  Tompophiceras  pascoei  Zone  between  the 
O.  boreale  Zone  s.s.  and  the  O.  commune  Zone. 
According  to  Dagys  &  Ermakov  (1994)  this  zone 
corresponds  to  the  uppermost  O.  boreale  Zone  s.l. 
of  Greenland  and  Svalbard.  The  FAD  of  very 
primitive  H.  parvus  in  the  uppermost  O.  boreale 
Zone  s.l.  of  Greenland  indicates  that  the  Peri- 


Yin  et  al.  (1996).  Fig.  2a:  Marine  successions  and  Germanic  Basin  (mixed  marine-continental).  Fig.  2b:  Continental 
successions  and  Germanic  Basin.  ♦♦♦  =  used  P/T  boundary  (FAD  of  Hindeodus  parvus  in  marine  beds).  G  = 
uppermost  Guadalupian  Series  (only  on  Fig.  2b).  C  =  Upper  Capitanian  Stage  (only  on  Fig.  2b).  G  Him  etc.  = 
Him  above  the  base  of  the  Guodikeng  Formation  in  the  Dalongkou  section  etc.  Measurement  after  Lucas  (1996), 
during  a  joint  project  sponsored  by  the  NGS,  USA.  J  200m  =  200  m  above  the  base  of  the  Jiucaiyan  Formation 
in  the  Xiaolongkou  section. 
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gondwanan  O.  woodwardi  Zone  (with  advanced 
H.  parvus)  is  younger  than  the  O.  boreale  Zone 
of  the  Boreal  realm.  As  the  base  of  the  Triassic 
is  defined  originally  by  the  FAD  of  O.  woodwardi, 
the  Boreal  Oioceras  faunas  belong  by  this  definition 
to  the  Permian  as  pointed  out  by  Kozur  (1994a). 
Krystyn  &  Orchard  (1996)  have  shown  that 

H.  parvus  begins  at  the  Perigondwana  margin  a 
few  centimetres  below  the  O.  woodwardi  Zone  in 
a  level  with  an  Otoceras  of  the  O.  boreale  group, 
O.  latilobalum,  which  is  a  junior  synonym  of 
O.  fissisellatwn.  Krystyn  in  Krystyn  &  Orchard 
(1996)  pointed  out  that  O.  woodwardi  is  more 
advanced  than  O.  boreale,  and  that  the  O.  wood¬ 
wardi  Zone  follows  in  the  Sclong  section  of  Tibet 
in  stratigraphic  succession  above  a  fauna  with 
Otoceras  of  the  O.  boreale  group.  By  this,  it  was 
shown  for  the  first  time  by  ammonoids  that  the 
Perigondwanan  O.  woodwardi  Zone  is  younger  than 
the  Boreal  Otoceras  faunas,  as  before  proven  by 
conodonts  (see  above).  The  results  of  Krystyn  & 
Orchard  (1996)  solved  the  contradiction  between 
the  conodont  and  ammonoid  correlations.  Whereas 
the  conodonts  have  shown  that  the  Perigondwanan 
O.  woodwardi  Zone,  the  oldest  ammonoid  zone 
of  the  Triassic,  is  younger  than  the  Boreal 
O.  concavum  Zone,  and  at  least  the  largest  part 
of  the  O.  boreale  Zone  (Kozur  1994a,  1995a, 
1996b,  1997c),  all  ammonoid  workers  before 
Krystyn  &  Orchard  (1996)  had  correlated  the 
O.  woodwardi  Zone  cither  with  the  O.  boreale 
Zone  (e.g.  Dagys  1994)  or  with  the  O.  concavum 
Zone  (e.g.  Tozer  1967). 

The  definition  of  the  base  of  the  Triassic  with 
the  first  appearance  of  Hindeodus  parvus  has  signi¬ 
ficant  advantages  over  other  definitions: 

I .  There  is  a  clear  phylomorphogenetic  lineage 
from  Hindeodus  typicalis  through  H.  latidentatus 
praeparvus-H.  parvus  to  H.  postparvus  Kozur. 

2.  The  first  appearance  of  H.  parvus  is  the  only 
event  that  can  be  traced  throughout  the  tropical 
low  latitude  Tethyan  warm-water  fauna,  the 
southern  middle  latitude  cool-temperate  water 
faunas  of  Perigondwana,  and  the  northern  high 
latitude  cold-water  faunas  of  the  Boreal  realm. 

3.  Hindeodus  excavatus,  H.  typicalis,  H.  latiden¬ 
tatus  praeparvus  and  //.  parvus  belong  to  those 
Hindeodus  species  that  occur  both  in  deep-water 
and  shallow-water  deposits.  As  for  the  most 
Hindeodus  species,  their  occurrences  do  not  so 
much  depend  from  the  water  depth,  but  from 
the  presence  and  frequency  of  better  adapted 
conodonts  (Kozur  1996b).  As  adapted  shallow- 
water  conodonts,  such  as  Stepanovites,  Ellisonia 
and  Merrillina,  are  mostly  rather  rare,  H.  parvus 


and  most  other  Hindeodus  species  are  very 
common  and  often  dominant  in  shallow-water 
deposits.  In  contrast,  gondolellids  are  better 
adapted  to  deep-water  conditions  than  niost 
Hindeodus  species  which  are,  consequently, 
rather  rare  in  the  gondolellid  biofacies.  However! 
there  are  Permian  radiolarites  of  Panthalassa  that 
contain  exclusively  Hindeodus  species,  and  no 
gondolellid  species  is  present,  and  also  H.  parvus 
occurs  in  pelagic  sediments,  where  it  is  dominant 
or  the  only  conodont  species,  if  gondolellids  are 
absent  (Kozur  1996b). 

No  other  fossil  with  a  short  range  and  known 
phylomorphogenetic  connection  with  its  forerunner 
has  such  a  wide  distribution  during  the  earliest 
Triassic.  During  the  H.  parvus  Zone,  gondolellid 
conodonts  are  missing  in  the  entire  western  Tethys, 
both  in  shallow-water  sediments,  where  they  are 
missing  everywhere,  but  also  in  basinal  and  slope 
deposits,  where  they  are  generally  most  common. 
This  phenomenon  can  be  explained  by  the  extinc¬ 
tion  of  all  latest  Permian  warm-water  gondolellids 
of  the  Clarkina  subcarinata  group  at  the  PTB.  The 
gondolellid  conodonts  of  the  overlying  Isarcicella 
isarcica  Zone  belong  to  Clarkina  carinata  group 
that  is  restricted  during  the  uppermost  Permian 
to  the  high  latitude  cool  and  cold-water  faunas, 
migrating  into  the  Tethyan  warm-water  realm  after 
extinction  of  all  warm-water  gondolellids.  They 
reached  the  western  Tethys,  however,  only  at  the 
base  of  the  Isarcicella  isarcica  Zone.  In  the  central 
Tethys,  gondolellid  conodonts  are  missing  in 
the  H.  parvus  Zone  as  well.  Thus,  gondolellid 
conodonts  arc  absent  in  the  H.  parvus  Zone  in 
the  following  areas:  Southern  Alps  (e.g.  Staesche 
1964;  Perri  1991;  Perri  &  Andraghetti  1987;  Kozur 
1996b),  Biikk  Mountains  of  Hungary  that  are  a 
possible  continuation  of  the  Vardar  Zone  (Kozur 
1985,  1991b),  Dinarids  and  Hellcnids  (Kozur, 
unpubl.  mat.),  toe  of  slope  deposits  in  western 
Sicily  (Gullo  &  Kozur  1993;  Kozur  1995b,  1996b), 
Karakaya  oceanic  complex  of  northwestern  Turkey 
(basinal  facies;  Kozur,  unpubl.  mat.),  Antalya 
Nappe  in  southern  Turkey  (Kozur,  unpubl.  mat.), 
and  the  Elburs  (Hirsch  &  Siissli  1973).  Gondolellids 
are  also  missing  at  least  in  large  parts  of  the 
H.  parvus  Zone  of  Transcaucasia,  northwestern 
Iran  and  Central  Iran  (Sweet  1973,  Kozur;  1975, 
Kozur  et  al.  1975,  1978;  Kozur  &  Pjatakova  1976). 
Gondolellids  are  missing  in  shallow-water  deposits 
of  the  Circum-Pacific  realm,  e.g.  in  Japan,  where 
no  pelagic  conodont  faunas  are  known  from  the 
H.  parvus  Zone  (Igo  1996),  and  in  shallow-water 
deposits  of  the  eastern  Tethys,  as  in  SE  Sichuan 
(Wignall  &  Hallam  1996)  and  Jiangxi  (Zhu  Xiang- 
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s|iui  et  al.  1994),  both  in  China.  In  all  these 
0ccurrences  H.  parvus  is  common,  in  basinal  and 
s)ope  deposits  of  the  western  Tethys  even  the  only 
present  conodont  species. 

During  the  earliest  Triassic  H.  parvus  Zone, 
gondolellids  are  restricted  to  pelagic  deposits  of 
fire  eastern  Tethys,  the  eastern  Perigondwana 
shelf,  and  to  the  Arctic.  In  all  these  occurrences, 
fj  parvus  is  also  present.  Only  in  Svalbard 
(Spitsbergen),  a  gondolcllid  fauna  is  known  that 
has  not  yielded  Hindeodus  (Dagis  &  Korchinskaja 
1987,  1989),  but  the  exact  age  of  this  fauna  is 
unknown.  The  Clarkina.  present  in  this  fauna, 
js  not  C,  carinata  as  determined  by  Dagis  & 
Korchinskaja  (1987,  1989). 

Ammonoids  have  a  similar  restricted  distribution 
at  the  base  of  the  Triassic.  They  are  unknown  from 
the  H.  parvus  Zone  of  the  basal  Triassic  in  the 
entire  western  Tethys,  and  also  missing  in  basinal 
and  slope  deposits.  Surprisingly,  they  are  also 
unknown  in  the  H.  parvus  Zone  of  Transcaucasia, 
hlW  and  Central  Iran,  despite  the  fact  that  in 
these  areas  they  are  common  in  under-  and  over¬ 
lying  beds.  In  the  Arctic,  ammonoids  have  a  wider 
distribution  than  conodonts.  This  is  partly  caused 
by  the  fact  that  no  limestones  are  present  in  the 
basal  Triassic  of  most  of  the  Arctic,  and  the 
shales  in  general  have  not  been  investigated  for 
conodonts.  In  Arctic  Canada,  where  shales  have 
been  investigated,  conodonts  were  found  (Hender¬ 
son  1993).  However,  numerous  samples  from 
Otoceras-  rich  shales  in  NE  Siberia  ( Otoceras 
boreale  and  surrounding  rocks,  material  Zakharov, 
Vladivostok),  dissolved  for  conodonts,  yielded 
only  in  one  sample  from  the  lower  O.  boreale 
Zone  of  the  Setorym  River  section  a  few  broken 
specimens  of  H.  typicalis  and  Clarkina  sp.  Thus, 
most  shales  of  the  Otoceras  faunas  in  the  Arctic 
(at  least  in  NE  Siberia)  do  not  contain  conodonts. 
Seemingly,  the  water-temperature  was  mostly  below 
the  tolerance  boundary  for  conodonts. 

Independently  from  the  later  final  definition  of 
the  PTB,  the  base  of  the  H.  parvus  Zone  is  the 
only  reliable  correlation  horizon  near  the  PTB  that 
can  be  traced  through  all  marine  facies  and  in  all 
faunal  provinces.  This  is  very  important  because 
there  are,  per  definition,  four  different  PTB  in 
marine  and  continental  beds  that  are  all  situated 
in  different  stratigraphical  levels,  but  were  mostly 
equated  with  each  other. 

l.The  base  of  the  Buntsandstein  in  the  south¬ 
western  Germanic  Basin  is  the  originally  defined 
base  of  the  Triassic.  It  is  a  diachronous  boundary 
within  different  Dzhulfian  and  lower  Dora- 
shamian  levels,  as  Zcchstcin  equivalents,  such 


as  the  Brockelschiefer,  Leberschiefer  and  Tiger- 
sandstein  were  included  in  the  Buntsandstein  of 
SW  Germany  (Fig.  2). 

2.  The  base  of  the  Otoceras  woodwardi  Zone  as 
the  first  palaeontologically  defined  PTB  (Figs  1, 
2).  This  boundary  lies  only  insignificantly,  a  few 
centimetres,  above  the  base  of  the  H.  parvus 
Zone  and  can  be  thus,  for  the  first  time,  approx¬ 
imately  correlated  with  areas  outside  the 
eastern  Perigondwana  margin,  the  only  area,  in 
which  O.  woodwardi  occurs.  In  most  cases,  the 
O.  woodwardi  Zone  follows  after  a  gap  above 
Permian  sediments  of  different  age  (Fig.  2). 
However,  in  Selong  (Tibet),  the  O.  woodwardi 
Zone  follows  above  equivalents  of  the  uppermost 
O.  boreale  Zone,  and  a  long  gap  lies  below  the 
beds  with  O.  fissisellatum  (=  O.  latilobatum) 
which  overly  beds  with  Guadalupian  cool-water 
conodonts. 

3.  The  base  of  the  Otoceras  concavum  Zone  in  the 
Arctic  is  generally  equated  with  the  base  of  the 
O.  woodwardi  Zone  (e.g.  Tozer  1967),  but  it  is 
two  ammonoid  zones  older  as  now  shown  by 
ammonoid  evidence  (Krystyn  &  Orchard  1996). 

4.  The  first  appearance  datum  (FAD)  of  Lystro- 
saurus  in  continental  beds.  This  boundary  is 
not  connected  with  any  distinct  change  in  the 
continental  fauna.  Even  in  the  vertebrate  fauna 
this  is  not  a  pronounced  boundary  because  the 
Permian  Dicynodon  continues  in  a  long  interval 
of  co-occurrence  of  Lystrosaurus  and  Dicynodon, 
whereas  other  Permian  vertebrates  disappeared 
earlier. 

This  boundary  lies  high  above  the  top  of  the 
Tatarian.  In  the  Dalongkou  section,  Lystrosaurus 
begins  96  m  above  the  FAD  of  Falsisca,  a  clearly 
post-Tatarian  conchostracan  genus  that  occurs  both 
in  the  Upper  Permian  and  in  the  lowermost  Triassic. 
And  it  lies  about  54  m  above  the  disappearance 
of  the  typical  Permian  conchostracan  genera 
Megasitum,  Bipemphigus  and  Tripemphigus.  The 
interval  with  the  joint  occurrence  of  Lystrosaurus 
and  Dicynodon  is  characterised  by  conchostracan 
faunas  with  Falsisca  eotriassica  Kozur  &  Seidel 
and  F.  postera  Kozur  &  Seidel  which  also  occur 
in  the  Germanic  Basin.  The  F.  postera  fauna  of 
the  Germanic  Basin  can  be  well  correlated  with 
the  Tesero  Oolite  of  the  Southern  Alps,  in  which 
the  last  fusulinids,  Permian  brachiopods  and  a 
conodont  fauna  with  H.  latidentatus  praeparvus 
Kozur  and  Stepanovites  dobruskinae  Kozur  & 
Pjatakova  occur.  This  is  an  upper  Dorashamian 
shallow  marine  fauna  (Kozur  1989,  1994b,  1996b). 

Thus,  the  PTB  in  continental  beds  is  not  at  the 
FAD  of  Lystrosaurus,  but  rather  close  to  the  dis- 
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appearance  of  the  Permian  guide  form  Dicynodon. 
However,  in  most  places,  the  horizon  with 
Lystrosaurus  and  Dicynodon  is  not  present,  either 
because  of  a  gap  or  because  of  missing  tetrapod 
record.  In  most  of  these  areas,  the  first  occurrence 
of  Lystrosaurus  does  not  coincide  with  the  FAD 
of  Lystrosaurus ,  but  lies  within  the  Lystrosaurus- 
bearing  level  above  the  last  occurrence  of 
Dicynodon.  Thus,  in  most  places,  the  beds  with 
Lystrosaurus  are  really  Triassic.  However,  where 
the  horizon  with  co-occurrence  of  Lystrosaurus  and 
Dicynodon  is  present,  in  Dalongkou  and  in  South 
Africa,  it  is  apparently  of  Permian  age. 

SUBDIVISION  OF  THE  PERMIAN  SYSTEM 

Full  agreement  was  reached  in  the  Permian 
Subcommission  to  use  the  Russian  standard  of  the 
Cisuralian  (Lower  Permian)  Series:  Asselian, 


Sakmarian,  Artinskian  and  Kungurian  stages. 
this,  we  were  able  to  preserve  as  many  Permian 
stages  from  the  Russian  type  area  as  possible. 

However,  only  the  base  of  the  Asselian  is  fIXe£j 
as  the  base  of  the  Permian  (see  above).  The  base 
of  the  Sakmarian  and  the  base  of  the  Artinskian 
arc  not  clear.  I  have  tentatively  placed  the  base  of 
the  Sakmarian  at  the  base  of  the  Mesogondolelia 

obliquimarginata-Sweetognatlms  merrilli  Zone 

(Fig.  3).  This  boundary  approximately  corresponds 
to  the  traditional  base  of  the  Sakmarian  (at  the 
base  of  the  Pseudofusulina  moelleri  fusulinid  zone), 
but  in  the  conodont  evolution,  it  is  not  a  distinct 
boundary  and  it  has  low  potential  for  international 
correlation.  The  smooth  upper  Asselian  and 
Sakmarian  Mesogondolelia  of  the  Cis-Urals  are 
oversplit,  and  a  taxonomically  difficult  group. 
Tethyan  and  North  American  equivalents  of  this 
boundary  have  not  been  found. 


Series 

Stage 

Conodont  Zones  and 
Shallow-water 

Asseiblage  Zones 
pelagic 

Conodont  Standard-Zonation 

Guadalupian 

(pars) 

Roadian 

Sweetognathus  subsyuetricus 
Heostreptognathodus  clinei 

Mesogondolelia 

nankingensis 

Mesogondolelia  nankingensis- 
Sweetognathus  subsyuetricus 
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Fig.  3.  Cisuralian  (Early  Permian)  conodont  zonation  (after  Kozur  1996a,  1997d). 
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/V  distinct  conodont  change  occurs  in  the  upper 
^sselian,  at  the  FAD  of  Sweetognathus  merrilli 
^0zur,  the  oldest  Sweetognathus  species,  that 
ev0lved  from  Wardlawella  expansa  (Pcrlmutter). 
[_j0wever,  this  boundary  lies  distinctly  below  the 
traditional  base  of  the  Sakmarian  Stage.  On  the 
ottler  hand,  this  distinct  conodont  boundary  coin¬ 
cides  with  the  base  of  the  Svetlanoceras  strigosurn 
anlmonoid  zone  that  comprises  the  upper  Asselian 
and  lower  Sakmarian  Tastubian  Substage  (Kozur 
1993a). 

in  contrast,  the  base  of  the  upper  Sakmarian 
Sterlitamakian  Substage  is  well  defined  and  cor¬ 
rectable  both  in  pelagic  and  shallow-water  deposits 
by  the  FAD  of  Mesogondolella  bisselli  (Clark  & 
bclinkcn)  and  Sweetognathus  primus  Chernykh.  It 
is  also  a  distinct  ammonoid  boundary  (base  of  the 
Sakmarites  inflatus  Zone  in  the  northern  high 
latitude  faunas  and  in  the  Cis-Urals,  and  base  of 
the  Properrinites  boesei  Zone  in  the  low  latitude 
atllnionoid  faunas),  and  a  distinct  radiolarian  boun¬ 
dary  (base  of  the  Camptoalatus  monopterygius- 
pairickella  plumata  Zone;  Kozur  &  Mostler  1989; 
Kozur  1993a). 

Virtually  no  changes  occur  in  the  conodont 
faUna  at  the  traditional  base  of  the  Artinskian  (base 
0f  pseudofusulina  concavutas  fusulinid  zone).  This 
is  also  the  case  in  most  other  fossil  groups. 
Even  with  fusulinids  an  exact  correlation  of 
South  Uralian  and  adjacent  Tethyan  fusulinid 
limestones  is  impossible.  On  the  other  hand,  close 
to  the  base  of  the  Upper  Artinskian  Baigendzhinian 
Substage  a  very  distinct  and  easily  correlatable 
change  in  conodont  faunas  can  be  observed 
characterised  by  the  final  disappearance  of  all 
Carboniferous  holdovers  and  above  all  by  the 
FAD  of  Neostreptognathodus  pequopensis  Behnken. 
Neostreptognathodus  comprises  numerous  Baigend- 
zhianian  and  Kungurian  guide  forms.  The 
ammonoids  also  show  distinct  changes  in  this 
level,  e.g.  the  FAD  of  the  genus  Perrinites  in 
the  low  latitude  fauna  and  distinct  changes  at  the 
base  of  the  Neocrimites  fredericksi-Propinacoceras 
ajense  Zone  of  the  Cis-Urals  (Ruzhencev  1956; 
Kozur  1993a).  The  change  of  the  fusulinid  faunas 
at  the  base  of  the  Parafusulina  solidissima  are  also 
distinct. 

The  presently  used  Sakmarian  and  Artinskian 
stages  are,  according  to  the  conodont  evolution, 
and  the  evolution  of  most  other  fossils,  arbitrary 
units.  Their  boundaries  are  not  exactly  correlatable 
with  Permian  deposits  outside  the  Cis-Urals,  and 
even  difficult  to  correlate  within  the  Cis-Uralian 
fore-deep.  On  the  other  hand.  Upper  Asselian  + 
Tastubian  (lower  Sakmarian),  Sterlitamakian  (upper 
Sakmarian)  +  Aktastinian  (lower  Artinskian),  and 


Baigendzhinian  (upper  Artinskian)  are  three  well 
correlatable  units  according  to  the  conodont 
evolution.  To  make  the  Cisuralian  standard  work¬ 
able,  considerable  changes  of  the  hitherto  used 
definitions  of  the  Sakmarian  and  Artinskian  are 
necessary. 

There  is  a  good  agreement  to  define  the  base 
of  the  Kungurian  with  the  first  appearance  of 
Neostreptognathodus  pnevi  Kozur  &  Movshovich, 
as  proposed  by  Kozur  (1993a,  1995a,  1996a)  and 
Jin  Yugan  et  al.  (1997).  This  boundary  lies  within 
the  upper  part  of  the  traditionally  used  Baigend¬ 
zhinian,  but  the  former  Artinskian-Kungurian 
boundary  was  a  diachronous  facies  boundary  that 
was  uncorrelatablc  with  Permian  deposits  outside 
the  Cis-Uralian  fore-deep.  By  the  distinct  lowering 
of  the  base  of  the  Kungurian  to  the  FAD  of 
N.  pnevi,  the  name  Kungurian  could  be  preserved 
despite  the  fact  that  a  large  part  of  the  Kungurian 
consists  of  poorly  correlatable  hypersaline  deposits. 
As  the  scope  of  a  stage  is  defined  by  its  lower 
boundary  and  by  the  lower  boundary  of  the 
overlying  stage,  the  Kungurian  belongs  to  the  well- 
defined  stages.  However,  the  subdivision  of  the 
Kungurian  in  correlatable  biozones  must  be  done 
largely  outside  the  Cis-Uralian  fore-deep.  For 
facies  reasons  (often  hypersaline  beds),  the  type 
Kungurian  contains  only  a  few  stratigraphically 
important  fossils  with  a  range  beyond  the  Cis- 
Urals.  Best  suited  for  elaboration  of  a  workable 
Kungurian  biostratigraphic  subdivision  is  the 
margin  of  the  Delaware  Basin  in  Texas,  where 
basinal,  slope  and  shallow-water  deposits  are 
present,  and  where  the  overlying  Roadian  Stage  is 
defined.  A  Kungurian  conodont  zonation,  partly 
elaborated  in  the  Delaware  Basin,  partly  in  the 
Mesogondolella- dominated  Kungurian  deposits  of 
the  Sosio  Valley  (western  Sicily,  western  Tethys), 
is  shown  in  Fig.  3. 

A  direct  correlation  of  the  base  of  the  Kungurian 
with  the  Tethyan  scale  is  not  possible  because 
N.  pnevi  is  missing  in  the  Tethys,  and  there  is  no 
FAD  of  another  fossil  that  could  be  used  for  direct 
correlation  of  the  type  Kungurian  with  the  Tethys. 
This  is  one  of  the  reasons  why  it  is  not  possible 
to  use  the  Tethyan  scale  for  the  Guadalupian  Series. 
The  other  reasons  are  listed  later  (see  below). 

The  absence  of  N.  pnevi  in  the  Tethys  and 
its  presence  in  western  North  America  is  well 
explainable  by  the  palaeogeographic  configuration. 
Although  the  Tethys  was  spatially  close  to  the  Cis- 
Uralian  fore-deep,  the  marine  connection  between 
both  areas  was  closed  during  the  Kungurian.  In 
that  time,  the  marine  connection  of  the  Cis-Uralian 
fore-deep  was  only  via  the  Boreal  sea,  far  away 
from  the  Tethys.  From  the  Boreal  sea,  the  con- 
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nection  went  through  Arctic  Canada  to  western 
Canada  and  the  western  USA  (e.g.  Phosphoria 
Basin  of  SE  Idaho,  NW  Utah,  NE  Nevada  and  the 
Nevada  miogeosyncline)  and  finally  to  the  low 
latitude  Delaware  Basin  in  Texas  and  New  Mexico. 
N.  pnevi  is  common  in  the  Phosphoria  Basin 
(Wardlaw  1983;  Behnken  et  al.  1986)  and  also  in 
Nevada,  but  very  rare  in  the  low  latitude  Delaware 
Basin.  Nevertheless,  in  all  these  areas,  the  base  of 
the  Kungurian  can  be  correlated  by  the  FAD  of 
N.  pnevi.  In  western  North  America,  the  FAD  of 
N.  pnevi  coincides  with  the  FAD  of  N.  exsculptus 
Igo.  This  species  was  first  described  from  Japan 
(margin  of  Panthalassa)  by  Igo  (1981).  Kozur 
(1978)  had  figured  this  species  from  SE  Pamir 
(Pengondwana  margin  of  the  eastern  Tethys), 
but  still  assigned  to  N.  sulcoplicatus  (Hawley, 
Youngquist  &  Miller),  as  subsequently  Reimers 
(1991)  did  for  material  from  the  same  area.  Kozur 
(1995a)  assigned  the  forms  from  the  SE  Pamir  to 
N.  exsculptus  and,  finally,  Kozur  (1995c)  found 
N.  exsculptus  in  the  Sosio  Valley,  western  Sicily, 
proving  thus  the  occurrence  of  this  species  in 
the  westernmost  Tethys.  By  these  discoveries  of 
N.  pnevi  and  N.  exsculptus,  the  base  of  the 
Kungurian  can  be  world-wide  recognised,  in  the 
Boreal  realm  and  in  the  Cis-Uralian  fore-deep  by 
the  FAD  of  N.  pnevi,  in  western  North  America 
by  the  contemporaneous  FAD  of  N.  pnevi  and 
N.  exsculptus,  and  in  the  Circum-Pacific  realm, 
Perigondwana  as  well  as  in  the  Tethys  by  the 
contemporaneous  FAD  of  N.  exsculptus. 

The  post-Kungurian  Permian  stages  of  the  Cis- 
Ural  and  Russian  Platform  cannot  be  used  as  an 
international  standard,  because  they  have  largely 
continental,  hypersaline  or  extremely  shallow 
marine  deposits.  They  have  been  applied  in  many 
parts  of  the  world,  e.g.  in  Australia,  but  rather  to 
fill  the  space  between  the  Kungurian  and  the 
Triassic  than  on  the  base  of  a  real  correlation. 
Thus,  the  Tatarian  Stage  is  used  as  uppermost 
Permian  Stage,  but  the  correlations  of  the  Tatarian 
with  Middle  Europe  and  North  America  have  shown 
that  it  corresponds  largely  to  the  Capitanian  and 
its  upper  boundary  lies  within  the  lower  part  of 
the  Lopingian  Series.  This  is  also  confirmed  by 
the  conchostracan  distribution  in  the  Dalongkou 
section  in  NW  China  which  indicates  that  the  entire 
Guodikeng  Formation  (which  belongs  to  a  large 
part  undoubtedly  to  the  Upper  Permian)  is  post- 
Tatarian  in  age  (Fig.  2).  The  discovery  of  two 
distinct  conodont  associations  in  the  Kazanian  of 
the  Russian  Platform  by  Chalimbadja  &  Silantiev 
(1997)  opens  the  possibility  for  an  exact  correlation 
of  the  Kazanian  with  the  international  scale,  when 
these  forms  will  be  found  outside  the  Russian 


Platform.  As  they  are  immigrants  connected  with 
a  shallow  marine  transgression  after  continental 
deposition,  they  will  be  surely  found  also  outside 
the  Russian  Platform,  at  least  in  the  Boreal 
Permian,  from  where  the  transgression  came 
However,  some  taxonomic  changes  of  conodont 
material  published  by  Chalimbadja  &  Silantiev 
(1997)  are  necessary  (see  below). 

The  Middle  Permian  Tethyan  scale  (Kuber- 
gandinian,  Murgabian  and  Midian  fusulinid  ages) 
cannot  be  used  for  the  following  reasons. 

1 .  There  is  no  possibility  to  leave  the  Uralian 
standard  directly  to  the  Tethys.  From  the  base 
of  the  Kungurian  upward,  there  is  no  phylo- 
morphogenetic  cline  of  any  fossil  group  jn  the 
Permian  type  area  that  can  be  directly  correlated 
with  the  Tethys.  The  last  well  correlatable  event 
in  the  Permian  type  area  is  the  FAD  of  N.  pnevi 
at  the  revised  base  of  the  Kungurian,  but  this 
species  is  absent  in  the  Tethys  (see  above).  If 
the  Uralian  standard  can  be  left  directly  only 
through  the  North  American  standard,  then  it  is 
logical  to  use  the  Guadalupian  standard  of  its 
type  area  (Guadalupe  Mountains,  west  Texas) 
where  the  stages  are  defined  in  permanently 
accessible,  well  exposed,  very  fossiliferous  and 
thermally  unaltered  type  sections. 

2.  The  type  areas  of  the  Kubergandinian  and 
Murgabian  stages  are  situated  in  remote  areas 
in  the  Pamir  Mountains  and  are  hardly  accessible 
or  inaccessible  for  foreigners. 

3.  The  few  known  conodonts  from  the  Kubergan¬ 
dinian  and  Murgabian  type  areas  are  thermally 
strongly  altered  (CA1  =  5),  a  case  that  otherwise 
also  excludes  the  application  of  palaeomagnetic 
and  stable  isotope  investigations. 

4.  The  type  section  of  the  Midian  Stage  (Kotlyar 
et  al.  1989)  consists  of  very  shallow  water,  partly 
intratidal  sediments,  in  which  even  the  shallow- 
water  fusulinid  index  genus  Yabeina  is  missing, 
and  neither  ammonoids  nor  pelagic  conodonts 
are  present.  These  beds,  and  especially  the  lower 
boundary  of  the  Midian  in  its  type  section,  have 
no  good  potential  for  exact  correlation. 

5.  The  original  Midian  (Kotlyar  et  al.  1989)  is  a 
junior  synonym  of  the  Abadehian  (Taraz  1971) 
which  has  a  better  correlatable  type  section 
(Abadeh,  central  Iran).  In  a  necessarily  strongly 
revised  scope  (excluding  the  Lopingian  part),  the 
Midian  is  a  junior  synonym  of  the  Capitanian 
(introduced  as  a  substage  by  Glenister  &  Furnish 
1961,  and  elevated  in  the  rank  of  a  stage  by 
Furnish  1973). 

6.  All  Tethyan  stages  are  in  reality  fusulinid  ages. 
They  are  not  exactly  correlatable  with  fusulinid- 
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free  pelagic  deposits  of  the  Tethys  and  outside 
the  Tethys.  As  Middle  Permian  (Guadalupian) 
fusulinids  are  missing  in  the  entire  Boreal  realm, 
and  the  North  American  fusulinids  are  very 
different  from  the  Tethyan  ones  (except  on 
accreted  terranes  along  the  western  coast),  not 
only  pelagic,  but  also  shallow-water  deposits 
outside  the  Tethys  cannot  be  correlated  with  the 
Tethyan  scale.  However,  as  fusulinid  ages,  they 
are  useful  for  the  subdivision  of  Tethyan  shallow- 
water  deposits  and  worth  being  correlated  with 
the  pelagic  scale. 

Based  on  a  restudy  of  the  conodonts  in  the 
Luodian  section  (China),  the  base  of  the  Kuber- 
gandinian  (fusulinids  determined  by  Prof.  E.  Lcven, 
Moscow)  lies  close  to  the  FAD  of  Mesogondolella 
saraciniensis  Gullo  &  Kozur,  Gullodus  calalanoi 
(Gullo  &  Kozur)  and  Hindeodus  gulloides  Kozur 
gi  Mostler.  None  of  these  species  is  present  in 
well-dated  sections  before  the  Roadian.  The 
FAD  of  these  species  is  close  to  the  FAD  of 
f4,  nankingensis  (Ching)  that  is  used  to  define  the 
base  of  the  Guadalupian  Series  (base  of  the  Roadian 
Stage).  H.  gulloides  is  restricted  to  the  Roadian  in 
its  type  section. 

The  scope  of  the  Murgabian  in  pelagic  Tethyan 
sediments  is  not  yet  known.  This  fusulinid  age 
was  equated  always  with  Waagenoceras-bcimng 
beds  (without  Timorites),  and  in  palaeogeographic 
reconstructions  the  occurrence  of  pelagic  Murgabian 
is  based  on  the  occurrence  of  Waagenoceras  (Baud 
et  al.  1993).  However,  Kozur  &  Davydov  (1996) 
have  demonstrated  that  this  correlation  is  unsub¬ 
stantiated.  They  investigated  the  conodont  and 
fusulinid  fauna  from  the  type  locality  (Rupe  de 
Passo  di  Burgio  block  in  the  Sosio  Valley,  west¬ 
ern  Sicily)  and  type  stratum  of  Waagenoceras 
itiojsisovici,  the  type  species  of  the  Wordian 
ammonoid  genus  Waagenoceras.  This  small  block 
contains  one  of  the  richest  Wordian  ammonoid 
faunas  in  the  world  and  contains  23  ammonoid 
species  (the  species  list  is  given  in  Kozur  & 
Davydov  1996).  Such  typical  Wordian  ammonoid 
faunas  were  assigned  to  the  Murgabian  in  the 
Tethyan  scale,  and  on  this  assignment  the  cor¬ 
relation  of  the  Wordian  with  the  Murgabian  was 
based.  The  rich  conodont  fauna  with  Gullodus 
calalanoi  (Gullo  &  Kozur),  Mesogondolella  sicili- 
ensis  (Kozur),  Stepanovites  festivus  (Bender  & 
Stoppel)  and  Sweetocristatus  galeatus  (Bender  & 
Stoppel)  confirms  the  Wordian  age  (Gullo  &  Kozur 
1992).  However,  the  fusulinids  clearly  indicated 
a  lower  Midian  fusulinid  age.  In  the  Cache  Creek 
terrane  (Canada)  the  co-occurrence  of  Wordian 
ammonoids  with  lower  Midian  fusulinids  was  also 


observed.  On  the  other  hand,  in  the  Luodian 
section,  Murgabian  fusulinids  occur  together 
with  the  Wordian  M.  siciliensis  fauna.  Thus,  the 
‘Murgabian’  Waagenoceras  and  Mesogondolella 
siciliensis  faunas  correspond  only  partly  to  the 
Murgabian,  partly  they  belong  to  the  lower  Midian 
fusulinid  age.  Apparently,  the  base  of  the  Midian 
does  not  correspond  to  any  pronounced  change  in 
the  pelagic  faunas. 

Whereas  the  pelagic  Tethyan  faunas  can  be  well 
correlated  by  ammonoids  with  the  stages  of  the 
Guadalupian  Scries,  the  Murgabian  and  Midian 
Tethyan  ‘stages’  (fusulinid  ages)  cannot  be  exactly 
correlated  with  Tethyan  and  other  pelagic  deposits. 
However,  this  advantage  of  the  Wordian  Stage  will 
be  lost,  if  the  traditional  boundary,  the  FAD  of  the 
ammonoid  Waagenoceras  is  changed  to  the  FAD 
of  the  conodont  Mesogondolella  aserrata  (Clark 
&  Behnken)  as  proposed  by  Lambert  (1996)  and 
Wardlaw  (1996).  This  boundary  is  excellently 
documented  in  the  Delaware  Basin  and  also  in 
similar  intra-platform  basins  in  South  China.  How¬ 
ever,  the  first  appearance  of  M.  aserrata  does  not 
coincide  with  the  first  appearance  of  Waagenoceras, 
the  traditional  base  of  the  Wordian  at  the  base  of 
the  Willis  Ranch  Member  of  the  Word  Formation 
of  the  Glass  Mountains  (with  the  type  section  of 
the  Wordian  Stage)  and  within  the  Pipeline  Shale 
at  the  base  of  the  Brushy  Canyon  Formation  of 
the  Guadalupe  Mountains.  In  the  Glass  Mountains, 
M.  aserrata  begins  at  the  base  of  a  siltstone 
between  the  Willis  Ranch  and  Apple  Ranch 
members  of  the  Word  Formation  (Wardlaw  1996), 
and  within  the  Getaway  Limestone  Member  at 
the  base  of  the  Cherry  Canyon  Formation  of  the 
Guadalupe  Mountains  (Rohr  1996;  for  correlation 
of  the  Iithostratigraphic  subdivisions  in  the  Guada¬ 
lupian  Series  of  Guadalupe  Mountains  and  Glass 
Mountains  see  Table  1  and  Kozur  &  Mostler  1995). 

To  use  the  FAD  of  M.  aserrata  as  base  of  the 
Wordian  instead  of  the  traditional  boundary,  the 
FAD  of  Waagenoceras ,  may  cause  serious  problems 
for  the  correlation  with  the  Tethys.  The  serrated 
Mesogondolella,  by  some  authors  (e.g.  Mei  Shilong 
&  Wardlaw  1996;  Yin  Yugan  et  al.  1997)  dis¬ 
criminated  as  Jinogondolella  (nomen  nudum),  are 
restricted  to  pelagic  warm-water  faunas.  These  are 
low  latitude  faunas  cither  from  shallow  pelagic 
deposits  above  200  m  water  depth  or  from  deep¬ 
water  deposits  in  intra-platform  basins,  like  in  the 
Delaware  Basin  and  intra-platform  basins  in  South 
China.  These  basins  have  during  the  Guadalupian 
in  a  hot  and  relatively  dry  climate  the  circulation 
model  of  the  present-day  Mediterranean  Sea.  That 
means,  even  in  great  water  depth,  they  have  warm 
water. 
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In  cold-water  faunas,  including  open  sea 
deposits  from  low  latitude  areas  with  cold  oceanic 
bottom  currents,  serrated  gondolellids  are  missing 
and  replaced  by  smooth  Mesogondolella  of  the 
M.  saraciniensis-M.  siciliensis-M .  sp.  nov.  and 
M.  pliosphoriensis-M.  rosenkrantzi  lineages  (Fig  4). 
Thus,  not  only  high  latitude  Perigondwana  and 
Boreal  faunas  have  exclusively  these  smooth  Meso¬ 
gondolella,  but  also  the  majority  of  the  Tethyan 
faunas  (all  known  central  and  western  Tethyan 
pelagic  Guadalupian  conodont  faunas  from  Oman 
to  Sicily,  open-sea  eastern  Tethyan  faunas). 

The  correlation  of  these  two  different  gondolellid 
faunas  is  not  easy  and  not  yet  solved  for  much 
of  the  Guadalupian.  The  proposed  base  of  the 
Guadalupian  (base  of  the  Roadian  Stage,  FAD 
of  M.  nankingensis)  coincides  with  the  FAD  of 
M.  saraciniensis  Gullo  &  Kozur  and  of  M.  gracilis 
(Clark  &  Ethington).  In  slope  to  shallow-water 
deposits  at  this  boundary  G.  catalanoi,  H.  gulloides 
and  perhaps  also  Sweetognathus  subsymmetricus 
Wang,  Ritter  &  Clark  appeared. 


The  exact  level  of  the  FAD  of  M.  phosphoriensis 
(Yongquist,  Hawley  &  Miller)  and  M.  siciliensis 
(Kozur)  is  not  yet  known,  but  it  distinctly  predates 
the  FAD  of  M.  aserrata,  and  for  M.  siciliensis  it 
is  distinctly  higher  than  the  base  of  the  Roadian 
where  the  FAD  of  M.  saraciniensis  (forerunner  of 
M.  siciliensis )  is  situated.  In  the  entire  Tcthvs 
M.  phosphoriensis  begins  before  M.  siciliensis’ 
However,  the  lower  M.  phosphoriensis  fauna  above 
the  level  with  M.  saraciniensis  yielded  neither  in 
the  western  Tethys  (western  Sicily)  nor  in  the 
eastern  Tethys  (e.g.  Luodian  section  in  southwest 
China)  M.  saraciniensis  or  M.  siciliensis.  On  the 
other  hand,  the  M.  saraciniensis  fauna  yielded 
neither  M.  idahoensis  nor  M.  phosphoriensis.  Thus 
neither  the  FAD  of  M.  phosphoriensis  nor  the  FAD 
of  M.  siciliensis  can  be  fixed  within  a  section 
In  Luodian,  M.  phosphoriensis  begins  at  the  base 
of  bed  25b,  about  27  m  above  the  FAD  0f 
M.  saraciniensis.  About  10  m  higher,  in  the  middle 
part  of  bed  25b,  M.  siciliensis  begins.  In  the  same 
level,  transitional  forms  between  M.  idahoensis 
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Table  1.  Lithostratigraphic  nomenclature  for  the  Delaware  Basin  (slightly  modified  after  Kozur  &  Mostler  1995). 
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and  M.  nankingensis  are  also  present,  which  are 
probably  reworked  as  M.  phosphoriensis  occurs 
nowhere  in  the  world  before  M.  nankingensis 
that  evolved  from  advanced  M.  idahoensis ,  tran¬ 
sitional  to  M.  phosphoriensis.  Thus,  the  FAD  of 
M.  phosphoriensis  should  coincide  with  the  FAD 
of  M.  nankingensis  or  slightly  postdate  it. 


Until  the  lower  part  of  bed  26b  of  the  Luodian 
section,  M.  phosphoriensis  and  M.  siciliensis 
co-occur,  then  only  M.  siciliensis  occurs.  Thus, 
the  interval  of  co-occurrence  of  the  two  species 
is  about  25  m  in  the  Luodian  section.  All  in¬ 
vestigated  Tethyan  open-sea  Waagenoceras  faunas 
have  yielded  exclusively  M.  siciliensis  among 
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Fig.  4.  Guadalupian  to  basal  Triassic  conodont  zonation  (slightly  modified  after  Kozur  1995a,  1996a,  1997d). 
C.  n.  sp.  =  Clarkina  n.  sp.  of  the  C.  carinata  group,  only  present  in  high  latitudes.  M.  p.  =  Merrillina  praedivergens. 
M.  ro.  =  Mesogondolella  rosenkrantzi. 
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the  gondoleilid  conodonts.  Therefore,  the  FAD 
of  M.  phosphoriensis  is  within  the  Roadian. 
M.  siciliensis  is  the  most  characteristic  Wordian 
species  of  the  smooth  Mesogondolella,  and  very 
common  in  the  entire  Tethyan  Wordian,  but  its 
FAD  is  within  the  Roadian. 

At  the  FAD  of  M.  aserralu  no  change  in  the 
smooth  Mesogondoletla  faunas  can  be  observed. 
Fusulinids  and  radiolarians  show  also  no  changes 
in  this  level.  As  the  FAD  of  Waagenoceras  dis¬ 
tinctly  predates  the  FAD  of  M.  aserrata  (see  above), 
the  base  of  the  Wordian  cannot  be  correlated  with 
the  open  sea  Tethyan  successions,  if  the  FAD  of 
M.  aserrata  is  used  for  definition  of  the  Wordian. 
For  this  reason,  the  traditional  base  of  the  Wordian 
at  the  FAD  of  Waagenoceras  is  preferred. 

The  FAD  of  M.  postserrata  may  coincide  with 
the  FAD  of  a  new  smooth  Mesogondolella  species 
in  the  M.  saraciniensis-M.  siciliensis-M.  sp.  nov. 
lineage.  This  new  Mesogondolella  was  found  in 
several  Tethyan  successions  above  Wordian  faunas 
with  Waagenoceras  and  M.  siciliensis.  It  occurs 
also  in  Perigondwana  faunas.  Therefore,  the 
definition  of  the  base  of  the  Capitanian  with  the 
FAD  of  M.  postserrata  (Lambert  1996;  Rohr  1996; 
Wardlaw  1996)  may  be  a  good  boundary,  recog¬ 
nisable  both  in  warm-water  intra-platform  basin 
faunas  and  in  open  sea  Tethyan  faunas  (with  cold 
bottom-water)  as  well  as  in  Perigondwana  faunas. 
However,  the  exact  coincidence  of  the  FAD  of 
M.  postserrata  and  of  Mesogondolella  sp.  nov.  must 
be  still  proven.  In  any  case,  this  boundary  lies 
inside  the  Midian  fusulinid  age. 

The  problem  with  the  conodont  definition  of  the 
Wordian  shows  that  a  Permian  scale,  based  only 
on  FAD  of  conodonts  will  not  solve  the  problems 
of  the  Permian  stratigraphy.  A  serious  consideration 
at  least  of  the  ammonoids,  fusulinids  and  radio¬ 
larians  is  necessary. 

In  some  areas,  smooth  and  serrated  Mesogondo¬ 
lella  occur  together.  Mostly  they  follow  each  other. 
One  of  these  areas  is  the  Phosphoria  Basin.  Other 
areas  are  slope  deposits  of  the  eastern  and  central 
Tethys,  in  which  generally  smooth  Mesogondolella 
dominates,  but  from  the  shallow,  warm-water  shelf 
sometimes  serrated  Mesogondolella  are  transported 
(or  reworked!)  into  the  deeper,  cooler  water.  These 
areas  seem  to  be  suited  for  correlations  of  the 
zonations  of  the  smooth  and  serrated  Mesogondo¬ 
lella.  However,  this  is  not  so  easy.  If  in  middle 
latitudes  the  water  temperature  cools  down  or 
upwelling  of  cooler  bottom-water  begins,  then 
the  smooth  Mesogondolella  suddenly  replaces  the 
serrated  ones  and  vice  versa,  if  the  water 
temperature  rises.  This  can  be  misinterpreted  as 
the  first  or  last  appearance  datum  (FAD  or  LAD) 


of  a  species.  The  same  can  happen,  if  serratecj 
Mesogondolella  are  washed  into  the  toe  of  a  slope 
with  an  autochthonous  smooth  Mcsogondolel/a 
fauna.  As  slopes  are  in  general  geologically  un¬ 
stable  areas,  often  reworking  from  the  shallower 
warm-water  part  of  the  slope  into  the  deeper,  colq. 
water  part  of  the  slope  occurs.  Both  cases  may 
lead  to  very  big  mistakes  in  the  correlation  as  jn 
the  Luodian  section  (Wang  Yu-yin  et  al.  1994) 
The  first  Mesogondolella  nankingensis  is  there  re¬ 
ported  from  bed  46,  where  fusulinids  of  the  upper 
Murgabian  or  lowermost  Midian  fusulinid  age 
occur.  This  level  was  taken  as  the  base  of  the 
Roadian.  In  consequence  of  these  data,  Jin  Yu-gan 
et  al.  (1994)  assigned  Tethyan  fusulinid  faunas 
with  Neoschwagerina  simplex  to  the  Cathedralian 
(Kungurian).  Restudy  of  the  conodonts  has  shown 
that  already  more  than  253  m  deeper,  in  the 
middle  part  of  bed  22,  a  typical  Roadian  conodont 
fauna  with  Gullodus  catalanoi  (Gullo  &  Kozur) 
Hindeodus  gulloides  Kozur  &  Mostler,  and 
M.  saraciniensis  occurs.  According  to  a  written 
communication  of  Prof.  E.  Leven,  Moscow,  this 
level  corresponds  to  the  lowermost  Kubergandinian. 
G.  catalanoi  occurs  in  the  Roadian  and  Wordian 
of  Sicily  (Kozur  1995a),  H.  gulloides  is  known 
from  the  type  Roadian  in  the  Glass  Mountains 
(Kozur  &  Mostler  1995),  and  M.  saraciniensis  js 
restricted  to  the  lower  or  lowermost  Roadian  of 
western  Sicily  (Gullo  &  Kozur  1992;  Kozur  1996a). 
Thus,  the  conodont  fauna  of  the  middle  part  of 
bed  22  of  the  Luodian  sections  belongs  to  the  lower 
or  lowermost  Roadian.  This  is  insofar  important 
as  it  indicates  that  the  base  of  the  Roadian  coincides 
with  the  base  of  the  Kubergandinian.  Apparently 
influenced  by  the  assumed  Early  Permian  age 
of  this  level,  the  gondoleilid  conodonts  of  this 
sample  were  determined  as  M.  gujioensis  Igo  and 
M.  intermedia  Igo  in  Wang  Yu-yin  et  al.  (1994). 
These  species  were  not  found  in  my  material  and 
also  not  in  the  rcstudied  material  of  Wang  Zhi- 
hao,  Nanjing.  Wang  Zhi-hao  (1994)  determined 
M.  parasiciliensis  Wang  Zhi-hao,  1994  from  this 
level  which  is  a  junior  synonym  of  M.  saraciniensis 
Gullo  &  Kozur,  1992. 

About  27  m  higher,  at  the  base  of  bed  25b, 
M.  phosphoriensis  appears,  and  about  10  m  higher, 
within  bed  25b,  M.  siciliensis  appears.  According 
to  a  written  communication  of  Prof.  E.  Leven, 
Moscow,  this  bed  contains  lower  Kubergandinian 
fusulinids.  In  Wang  Yu-yin  et  al.  (1994),  the 
gondoleilid  conodonts  were  erroneously  determined 
as  M.  idahoensis  (Youngquist,  Hawley  &  Miller), 
M.  gujioensis ,  M.  cf.  zsuzsannac  Kozur  and 
M.  bisselli  (Clark  &  Behnken),  whereas  Wang 
Zhi-hao  (1994)  determined  from  this  level 
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M  idahoensis  (in  reality  M.  phosphoriensis), 
M  gujioensis  (probably  a  new  species)  and 
w  c{,  siciliensis  (=  typical  M.  siciliensis). 

Transitional  forms  between  M.  nankingensis  and 
M  aserrata  and  the  latter  species  were  reported 
.  '  \Vang  Yu-yin  et  al.  (1994)  from  beds  53  and 
54  above  and  together  with  a  fusulinid  fauna 
that  conta'ns  Yabeina  of  undoubtedly  Capitanian 
Also  these  gondolellids  must  be  reworked 
or  t|ie  determinations  are  wrong.  As  mentioned 
aboVe,  in  our  material  transitional  forms  between 
4/  jdalioensis  and  M.  nankingensis  were  found  in 
the  middle  part  of  bed  25b,  but  even  in  this  level 
w j t j  n  the  Roadian  they  seem  to  be  reworked  (see 
above)- 

problematic  is  the  lower  boundary  and  sub- 
djvjsion  of  the  Upper  Permian  (Lopingian)  Series. 
darkina  postbitteri  Mei  &  Wardlaw,  the  first 
occurrence  of  which  was  used  for  the  definition 
0f  [be  Lopingian  lower  boundary  (Jin  Yu-gan 
et  al-  1994;  Mei  Shilong  et  al  1994a,  1994b,  1994c; 
Sheng  Jin-zhang  &  Jin  Yu-gan  1994),  is  probably 
an  immigrant  in  the  Tethys  because  its  forerunner 
C  crofti  Kozur  &  Lucas  has  not  been  found  outside 
Texas-  The  former  view  that  Clarkina  postbitteri 
evolved  from  Mesogondolella  grand  cannot  be 
supported  as  both  species  arc  very  different  from 
each  other  and  the  Clarkina  postbitteri  fauna 
follows  abruptly  above  the  Mesogondolella  grand 
fauna  without  an  interval  of  overlapping  or 
transitional  forms.  In  the  contrast,  the  youngest 
C.  crofti  fauna  of  North  America  contains  tran¬ 
sitional  forms  between  C.  crofti  and  C.  postbitteri 
and  Wardlaw  (1996  and  pers.  comm.)  found  in  this 
fauna  also  the  first,  very  primitive  C.  postbitteri. 

It  is  dangerous  to  use  the  first  occurrence  of 
an  immigrant  species  for  definition  of  a  series 
and  stage  boundary,  particularly,  if  the  forerunner 
is  not  present  in  this  area.  In  South  China, 
C.  postbitteri  begins  with  advanced  forms  dis¬ 
tinctly  above  the  LAD  of  C.  altudaensis  Kozur. 
In  Texas,  very  primitive  C.  postbitteri.  transitional 
to  C.  crofti,  occurs  together  with  C.  altudaensis 
only  a  little  above  the  FAD  of  this  species.  Thus, 
the  FAD  of  C.  postbitteri  is  found  in  West  Texas, 
whereas  the  first  occurrence  of  C.  postbitteri  in 
South  China  lies  clearly  above  the  FAD  of  this 
species.  Moreover,  the  occurrence  of  C.  altudaensis, 
C.  crofti  and  C.  postbitteri  are  facies-related. 
C.  altudaensis  is  a  shallow  pelagic  form.  It  occurs 
in  the  uppermost  Altuda  Formation  of  the  margin 
of  the  Delaware  Basin  in  the  Glass  Mountains. 
There,  it  evolved  from  the  serrated  M.  shannoni 
Wardlaw  (Kozur  1992a,  1992b,  1992c;  Wardlaw 
1996).  C.  crofti  occurs  only  in  the  uppermost 
centimetres  of  the  Altuda  formation  in  a  level 


with  mass  occurrences  of  radiolarians,  whereas 
below  this  level  radiolarians  are  rare.  This  level 
indicates  a  deepening.  C.  crofti  migrated  to  the 
Glass  Mountains  with  advanced  forms  that  are 
partly  transitional  to  C.  postbitteri,  and  primitive 
specimens  of  the  latter  species  were  found  by 
Wardlaw  (1996)  in  this  level.  In  the  same  level, 
the  Tethyan  C.  lanceolata  (Ding)  immigrated  to 
the  Delaware  Basin  (Kozur  1995a).  This  species 
was  assigned  erroneously  to  C.  subcarinata  (Sweet) 
by  Kozur  (1992a,  1992b,  1992c).  In  the  basinal 
Lamar  Limestone  and  the  basinal  development 
of  the  Reef  Trail  Member  (Wilde  1996)  of  the 
uppermost  Bell  Canyon  Formation,  C.  altudaensis 
is  missing.  In  the  uppermost  5  cm  of  the  Lamar 
Limestone,  the  M.  shannoni  fauna  is  suddenly 
replaced  by  a  C.  crofti  fauna  without  any  Meso¬ 
gondolella.  Immediately  below,  the  first  transition 
forms  between  M.  shannoni  and  C.  altudaensis 
occur,  but  the  latter  species  is  not  present. 
Obviously,  the  level  of  the  appearance  of  C.  crofti 
in  the  basinal  facies  corresponds  to  the  base  of 
the  C.  altudaensis  Zone  in  the  upper  slope  deposits 
of  the  upper  Altuda  Formation  in  the  Glass 
Mountains.  Such  a  correlation  is  also  indicated 
by  fusulinids  (Wilde  1996).  Clarkina  crofti  is  also 
common  throughout  the  entire  basinal  development 
of  the  Reef  Trail  Member. 

Thus,  obviously,  the  C.  crofti  fauna  and  the 
C.  altudaensis  Zone  of  the  Delaware  Basin  are 
contemporaneous,  with  C.  crofti  occupying  the 
basinal  facies  and  C.  altudaensis  the  upper  slope 
facies.  Exceptionally,  both  species  occur  together, 
if  the  water  depth  in  the  upper  slope  facies 
increased  (uppermost  Altuda  Formation).  As  the 
uppermost  Altuda  Formation  contains  also  the  first 
primitive  C.  postbitteri,  the  upper  C.  altudaensis 
Zone  and  the  lower  C.  postbitteri  Zone  overlap 
each  other  in  the  Delaware  Basin.  The  view  of 
Jin  Yugan  et  al.  (1993)  and  Sheng  Jin-zhang  & 
Jin  Yu-gan  (1994)  that  two  Capitanian  conodont 
zones  follow  above  the  C.  altudaensis  Zone,  is 
therefore  unsubstantiated. 

The  only  phylomorphogenetic  cline  in  conodont 
lineages  close  to  the  Guadalupian-Lopingian 
boundary  that  can  be  observed  both  in  North 
America  and  in  the  Tethys,  is  the  development  of 
C.  altudaensis  from  M.  shannoni.  As  the  data 
published  by  Wardlaw  (1996)  show,  the  base  of 
the  C.  altudaensis  Zone  lies  only  a  little  below 
the  FAD  of  C.  postbitteri  in  the  uppermost  Altuda 
Formation  of  the  Glass  Mountains.  The  base  of 
the  C.  altudaensis  Zone  and  the  contemporaneous 
first  occurrence  of  C.  crofti  in  the  upper  centimetres 
of  the  Lamar  Limestone  is  accompanied  by  a 
distinct  change  in  the  radiolarian  fauna  (Kozur 


212 


HEINZ  W.  KOZUR 


1992c),  indicated  by  the  FAD  of  Follicucullus 
ventricosus  Ormiston  &  Babcock  and  Ishigaconus 
sholasticiis  (Ormiston  &  Babcock).  Both  species 
are  typical  Lopingian  radiolarian  taxa  distributed 
from  western  North  America  through  Japan  and 
China  until  the  westernmost  Tethys  (Kozur  1993b). 
For  this  reason,  the  base  of  the  C.  altudaensis 
was  proposed  as  the  base  of  the  Lopingian  Scries 
by  Kozur  (1992c,  1993a).  Wilde  (1996)  came 
to  the  same  level  for  the  Guadalupian-Lopingian 
boundary  by  evaluation  of  the  fusulinid  faunas. 
He  recognised  that  Paraboultonia  and  Lanschichites 
are  essentially  restricted  to  post-Lamar  Beds  and 
to  lateral  equivalents  in  the  Apache  Mountains 
(Upper  Bell  Canyon  Formation),  and  Glass 
Mountains  (Upper  Altuda  Formation).  He  pointed 
out  that  on  this  base,  the  Guadalupian-Dzhulfian 
boundary  might  be  indicated  near  the  top  of  the 
Lamar.  His  proposal  for  the  Guadalupian-Lopingian 
boundary  on  the  basis  of  the  shallow-water  fauna 
perfectly  coincides  with  the  sharp  change  in  the 
pelagic  fauna  in  the  uppermost  5  cm  of  the  Lamar 
Limestone. 

The  recognition  of  the  Tethyan  Lopingian 
base  within  the  Boreal  realm  is  very  difficult. 
Ammonoids  are  very  rare  in  the  lower  Lopingian 
of  the  Arctic  and  fusulinids  are  missing  in  the 
Guadalupian  and  Lopingian  of  the  Boreal  faunal 
realm.  Thus,  only  the  conodonts  may  be  used  for 
definition  of  the  base  of  the  Lopingian  in  the 
Boreal  realm,  but  lower  Lopingian  conodonts 
are  only  known  from  Greenland.  However,  the 
gondolellid  conodonts  of  the  Capitanian  (and 
lowermost  Lopingian)  are  represented  mainly  by 
Mesogondolella  rosenkrantzi  (Bender  &  Stoppel) 
that  begins  within  the  Wordian.  The  Wordian  forms 
may  be  separated  as  an  independent  subspecies, 
but  there  is  not  much  hope  to  separate  the 
Capitanian  and  lowermost  Lopingian  M.  rosen¬ 
krantzi  in  different  taxa  (even  not  in  subspecies 
or  morphotype  level).  An  important  Dzhulfian 
guide  form  of  non-tropical  conodont  faunas  is 
M.  britannica  sp.  nov.  that  occurs  in  the  lower 
Dzhulfian  of  the  European  Zechstein  and  in  the 
Dzhulfian  up  to  the  Clarkina  leveni  Zone  in  Trans¬ 
caucasia,  Iran  and  in  Perigondwana.  The  FAD 
of  this  species  lies  probably  near  to  the  base  of 
the  C.  altudaensis  Zone.  Also  Merrillina  divergens 
and  M.  vistulcnsis  emend,  arc  important  Dzhulfian 
species  that  may  be  suited  for  the  correlation  of 
the  Boreal  and  Tethyan  faunas.  There  are,  how¬ 
ever,  considerable  taxonomic  problems  in  the 
differentation  of  Merrillina  species  (Kozur,  in 
prep.). 

The  well  defined  base  of  the  Dzhulfian  s.s.  (base 
of  the  C.  leveni  Zone)  lies  considerably  above  the 


top  of  the  Capitanian  leaving  an  interval  with  three 
conodont  zones  between  the  top  of  the  Capitanian 
and  the  base  of  the  Dzhulfian  s.s.  (C.  altudaensis 
C.  postbitteri  and  C.  dukouensis  zones),  or  two 
conodont  zones,  if  the  C.  altudaensis  Zone  is 
assigned  to  the  uppermost  Capitanian.  The 
Wuchiapingian  comprises  also  this  interval  but 
this  stage  name  has  no  priority  and  its  lower 
boundary  is  not  yet  well  defined.  Perhaps  a  new 
stage  should  be  introduced  for  this  interval. 

The  base  of  the  Dorashamian  (or  Changxingian) 
is  well  defined  by  the  first  appearance  of  Clarkina 
subcarinata.  However,  in  cool-water  faunas,  even 
in  cold  bottom-water  faunas  of  the  Tethys 
C.  subcarinata  is  not  present  and  replaced  by 
cold-water  forms.  Also  in  this  case  the  correlation 
between  the  warm-water  and  cold-water  faunas  is 
not  yet  well  established. 


SYSTEMATIC  PALAEONTOLOGY 

A  new  Mesogondolella  species,  M.  britannica  sp 
nov.  is  described  in  this  section  and  its  relationships 
within  the  Mesogondolella  phosphoriensis  lineage 
are  discussed. 


Genus  Mesogondolella  Kozur,  1990a 

Type  species.  Gondolella  bisselli  Clark  &  Behnken 

1971. 

Mesogondolella  britannica  sp.  nov. 

(Figs  5-7) 

1986  Nengondolella  aff.  idahoensis  (Youngquist,  Hawley 
&  Miller  1951) — Swift  &  Aldridge,  pp.  231-23'’ 
pi.  7.1,  figs  10-14. 

1995  Mesogondolella  phosphoriensis  (Youngquist, 
Hawley  &  Miller) — Swift,  pp.  39-43,  pi.  3,  figs°l-13. 

1995  l  Mesogondolella  phosphoriensis  (Youngquist, 
Hawley  &  Miller) — Swift,  pp.  43-45,  pi.  3,  figs  14-16; 
pi,  4,  figs  1-9. 

1995  Xaniognathus  abstractus  (Clark  &  Ethington) _ 

Swift,  pp.  46-47,  pi.  4,  figs  10.  II. 

1995  Xaniognathus  spp. — Swift,  pp.  47-48,  pi  4  figs 
12-16. 

1995  Prioniodina  ?  sp. — Swift,  p.  48,  pi.  4,  fig.  17. 

Derivatio  nominis.  According  to  the  occurrence  in  Great 

Britain. 

Holotypus.  The  specimen  figured  by  Swift  (1995:  pi.  3, 

fig.  2),  Department  of  Geology,  Leicester  University. 

Locus  typicus.  Downhill  Quarry.  West  Boldon,  Sunder¬ 
land,  England. 
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Fig.  5.  Mesogondolella  britannica  sp.  nov.,  upper  view, 
hololype,  drawing  after  a  photograph  illustrated  by  Swift 
(1995:  pi,  3,  fig.  2),  Marl  Slate  (lowermost  Zechstein, 
lower  Dzhulfian),  sample  DHQI,  Downhill  Quarry,  West 
Boldon,  Sunderland,  England,  x  80. 


Fig.  6.  Mesogondolella  britannica  sp.  nov.,  lateral  view, 
drawing  after  a  photograph  illustrated  by  Swift  (1995: 
pi.  3,  fig.  12),  Marl  Slate/Raisby  Formation  transition 
beds  (lowermost  Zechstein,  lower  Dzhulfian),  sample 
EH7,  Eldon  Hill  Quarry,  Durham,  England,  x  80. 


Fig.  7.  Mesogondolella  britannica  sp.  nov.,  upper  view  of  the  posterior  end  of  a  specimen 
with  rounded  button,  drawing  after  a  photograph  illustrated  by  Swift  (1995:  pi.  3,  fig.  3),  Marl 
Slate  (lowermost  Zechstein,  lower  Dzhulfian),  sample  DHQI,  Downhill  Quarry,  West  Boldon, 
Sunderland,  England,  x  80. 


Stratum  typicum.  Marl  Slate  (lowermost  Zechstein,  lower 
Dzhulfian),  sample  DHQI. 

Diagnosis.  Adult  Pa  elements  are  symmetrical, 
have  parallel  to  subparallel  margins  in  the  posterior 
half  of  the  unit,  and  taper  slowly  and  gradually 
in  the  anterior  half.  The  posterior  margin  is  broadly 
rounded  or  obliquely  blunt,  and  has  a  pointed  to 
round  button,  on  which  the  posterior  part  of  the 
distinct  cusp  is  situated.  The  carina  has  10-13 
denticles  that  are  densely  spaced  in  the  posterior 
part  and  widely  spaced  in  the  anterior  part.  They 
are  low  in  the  entire  carina.  Keel  trough-like 
excavated.  Loop  terminal,  posterior  end  blunt.  Other 
elements  of  gondolellid  type. 

Description.  Juvenile  Pa  elements  have  a  pointed 
posterior  end  and  are  widest  in  or  somewhat  behind 
the  midlength  of  the  unit.  Intermediate  stages  have 
a  pointed  to  narrowly  rounded  or  blunt  end  with 
a  pointed  button.  They  arc  widest  in  or  somewhat 
behind  the  midlenglh  and  have  subparallel  sides  in 
the  posterior  half  of  the  platform. 

Adult  forms  have  a  symmetrical,  laterally  un¬ 
bowed  platform,  with  parallel  or  subparallcl  sides 
of  the  posterior  half  of  the  platform.  The  greatest 
width  is  at  the  beginning  of  the  posterior  third  of 
the  unit,  but  the  platform  is  of  the  same  or  nearly 
of  the  same  width  throughout  much  of  its  posterior 
half.  The  anterior  half  of  the  platform  tapers  slowly 
and  gradually.  The  posterior  margin  of  the  platform 
is  broadly  rounded  or  obliquely  blunt  and  has  a 
pointed  to  rounded  button.  This  button  is  partly 
formed  by  the  widened  base  of  the  posterior  part 
of  the  cusp  (pointed  button)  or  by  a  very  narrow 
rudimentary  platform  that  is  growing  around  the 


base  of  the  posterior  half  of  the  cusp  (rounded 
button).  The  platform  reaches  only  until  the  anterior 
part  of  the  cusp,  the  posterior  part  of  the  cusp 
always  overreach  the  platform  margin.  A  brim 
is  never  present.  The  platform  margins  are  only 
slightly  upturned  and  have  a  honeycomb  micro¬ 
sculpture.  The  adcarinal  furrows  arc  narrow  and 
smooth.  The  carina  bears  10-13  low,  discrete 
denticles;  the  posterior  5-6  are  densely  spaced,  the 
anterior  denticles  are  widely  spaced.  The  length  of 
the  denticles  varies  only  slightly,  lowest  are  the 
middle  denticles,  but  the  posterior  denticles  are 
only  insignificantly  longer,  the  anteriormost  or 
the  two  anterior  denticles  are  slightly  longer  than 
the  middle  ones.  The  cusp  is  distinct,  small  to 
moderately  large,  but  in  lateral  view  rather  broad, 
triangular.  It  is  erect  to  posteriorly  inclined.  The 
keel  is  trough-like  excavated.  The  loop  is  terminal, 
its  posterior  margin  is,  in  general,  blunt,  only  in 
juvenile  forms  is  it  rounded  or  narrow. 

The  rami  form  elements  are  of  the  same  type  as 
in  all  gondolellid  conodonts.  The  Pb  element  is 
ozarkodinifonn  ( Ozarkodina  tortilis  group  morpho- 
type),  the  M  element  is  cypridelliform  (Cyprido- 
della  muelleri  group  morphotype),  the  Sa  element 
is  hibbardelliform  ( Hibbardella  magnidentala  group 
morphotype),  the  Sb  element  is  enantiognathiform 
(Enantiognathus  ziegleri  group  morphotype)  and 
the  Sc  element  is  metaprioniodiform  ( Metapri ■ 
oniodus  suevicus  group  morphotype;  see  Remarks). 

Occurrence.  Lower  Dzhulfian  lowermost  Zech¬ 
stein  of  England.  Upper  Dzhulfian  upper  Chhidru 
Formation  of  Nammal  Nala,  Pakistan  (material 
Wardlaw).  In  the  upper  Chhidru  Formation  it 
occurs  together  with  Iranognathus  tarazi  Kozur, 
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Mostler  &  Rahimi-Yazd,  I.  unicostatus  Kozur, 
Mostler  &  Rahimi-Yazd,  advanced  Iranognathus 
sp.  nov.  Wardlaw,  transitional  to  I.  sosioensis 
Kozur  &  Mostler.  and  Stepanovites  dobruskinac 
Kozur  &  Pjatakova.  I.  tarazi ,  /.  unicostatus  and 
S.  dobruskinac  are  typical  Dzhulfian  species  that 
are  partly  also  present  in  the  Dorashamian.  I.  cf. 
tarazi  occurs  also  in  the  Capitanian.  /.  sosioensis 
is  an  upper  Dorashamian  species  (Kozur  &  Mostler 
1996),  Iranognathus  sp.  nov.  Wardlaw  is  common 
in  the  Capitanian  to  lowermost  Dzhulfian.  From 
this  distribution  of  the  accompanying  conodonts 
a  (late)  Dzhulfian  age  is  indicated  for  the 
sample  with  Mesogondolella  britannica.  Similar, 
probably  identical  forms  (formerly  assigned  to 
M.  rosenkrantzi)  occur  also  in  the  lower  Dzhulfian 
of  Iran  and  Transcaucasia  (Kozur  1995a)  together 
with  Clarkina  leveni  (Kozur,  Mostler  &  Pjatakova). 
Thus,  all  occurrences  of  M.  britannica  indicate  a 
Dzhulfian  age. 

Remarks.  Mesogondolella  britannica  sp.  nov. 
belongs  to  the  Mesogondolella  phosphoriensis  line¬ 
age  that  is  one  of  the  temperate  to  cool-water 
Mesogondolella  lineages  (the  other  is  the  M. 
siciliensis  lineage).  The  following  development 
can  be  observed  in  the  M.  phosphoriensis  lineage: 
M.  idahoensis-M.  phosphoriensis-M.  rosenkrantzi 
n.  subsp.-Af.  rosenkrantzi  rosenkrantzi-M.  britan¬ 
nica.  This  lineage  is  important  for  the  subdivision 
of  the  temperate  to  cold-water  Middle  and  Upper 
Permian.  The  oldest  discussed  species  of  the  M. 
phosphoriensis  lineage,  M.  idahoensis  (Youngquist, 
Hawley  &  Miller),  is  a  guideform  of  the  Kungurian. 
It  occurs  there  from  tropical  to  cool-water  or 
cool-temperate  faunas.  But  already  in  this  time, 
M.  idahoensis  is  better  cool-water  adapted  than 
most  other  conodont  species  of  that  age.  As  shown 
by  Kozur  (1995a)  and  Nicoll  &  Metcalfe  (1997), 
close  to  the  lower  water-temperature  boundary  only 
Vjalovognathus  and  Hindeodus  are  present.  In  the 
next  warmer,  but  also  relatively  cool  environments, 
Vjalovognathus  and  Hindeodus  are  accompanied 
by  Mesogondolella  idahoensis.  In  the  next  warmer 
interval,  Neoslreptognathodus  leonovae  Kozur  is 
additionally  present.  In  warm-temperate  climate  all 
subtropical-tropical  species  are  present  beside 
Vjalovognathus  and  the  other  before  mentioned 
taxa.  In  subtropical-tropical  conodont  faunas,  the 
same  tropical-subtropical  species  occur  without 
Vjalovognathus.  Beginning  with  the  Middle 
Permian,  the  species  of  the  M.  phosphoriensis 
lineage  are  restricted  to  temperate  to  cool  water 
including  cool  or  cold  bottom-water  in  open-sea 
tropical  areas  with  palaeopsychrosphcric  oslracod 
faunas  (Kozur  1991a). 


The  M.  phosphoriensis  lineage  is  a  taxonomically 
very  difficult  group.  This  is  well  recognisable  by 
the  fact  that  the  same  material  of  M.  britannica 
Pa  elements  was  by  Swift  &  Aldridge  (1986) 
assigned  to  Neogondolella  aff.  idahoensis,  but  by 
Swift  (1995)  to  Mesogondolella  phosphoriensis, 
despite  the  fact  that  it  does  not  coincide  with  both 
of  these  considerably  older  species.  In  the  following 
discussion  only  the  Pa  element  of  the  compared 
species  will  be  discussed  because  the  other  elements 
are  identical  or  very  similar  in  all  gondolellid 
species,  and  have  no  importance  for  species  dis¬ 
crimination  in  gondolellid  conodonts.  The  assign¬ 
ment  of  these  elements  by  Swift  (1995)  will  be 
discussed  later. 

In  the  Kungurian  M.  idahoensis,  the  platform  is 
widest  close  to  the  posterior  end,  parallel-sided  in 
the  posterior  third,  and  gradually  narrowing  in  the 
anterior  two-thirds  of  its  length.  This  outline  is 
similar  to  that  of  M.  britannica,  but  in  this  species 
the  parallel  or  subparallcl  sides  continue  in  most 
specimens  until  the  mid-length  of  the  platform. 
However,  adult  M.  idahoensis  never  have  a  button 
at  the  blunt  posterior  end,  and  the  platform  reaches 
until  the  posterior  end  of  the  cusp.  The  number 
of  denticles  is  much  higher  in  adult  specimens 
(14-19)  because  the  denticles  are  also  densely 
spaced  in  the  anterior  half  of  the  carina,  where 
they  are  widely  spaced  in  M.  britannica. 

The  platform  in  the  Roadian  to  middle  Wordian 
M.  phosphoriensis  (Youngquist,  Hawley  &  Miller) 
is  slightly  asymmetrical  (laterally  bowed)  and 
widest  around  the  midlength  of  the  unit.  From 
there,  it  narrows  rather  abruptly  towards  the  anterior 
end  and  slightly  towards  the  rounded  or  blunt 
posterior  end.  The  platform  reaches  until  the 
posterior  end  of  the  cusp  and  mostly  a  small,  rarely 
a  broad,  rim  is  present  behind  the  cusp.  A  small 
button  at  the  posterior  end  of  the  platform  is  only 
exceptionally  present.  The  carina  of  adult  specimens 
has  11-15  denticles.  The  loop  has  mostly  also  in 
adult  forms  a  round  posterior  end. 

Most  similar  to  M.  britannica  is  the  upper  Word¬ 
ian  M.  rosenkrantzi  n.  subsp.  (Kozur  &  Wardlaw, 
in  prep.)  that  replaces  totally  M.  phosphoriensis 
in  the  Retort  Shale  Member  of  the  Phosphoria 
Formation.  M.  rosenkrantzi  n.  subsp.  has  a  very 
similar  outline  with  a  broadly  rounded  to  blunt 
posterior  margin  that  has,  however,  no  button.  The 
platform  reaches  until  the  posterior  end  of  the  cusp, 
but  a  brim  is  mostly  absent.  The  platform  is  slightly 
asymmetrical  by  lateral  bowing.  It  is  widest  at 
the  beginning  of  the  posterior  third,  but  because 
of  subparallcl  to  parallel  sides  in  the  posterior  third, 
this  entire  posterior  third  of  the  platform  has  nearly 
the  same  width.  The  platform  narrows  gradually 


THE  PERMIAN  CONODONT  BIOCHRONOLOGY 


215 


a„ d  slowly  in  its  anterior  two-thirds.  Some  forms 
are  subtriangular,  but  not  so  pronounced  as  in 
^  rosenkrantzi  rosenkrantzi  (Bender  &  Stoppel). 
■ppe  number  of  denticles  on  the  carina  is  high  (up 
t0  1 8  in  adult  forms),  with  6-8  very  densely  spaced 
denticles  in  the  posterior  part  of  the  carina.  Thus, 
main  differences  of  M.  rosenkrantzi  n.  subsp. 
t0  M.  britannica  arc:  (1)  missing  button  on  the 
posterior  margin,  the  platform  reaches  until  the 
posterior  end  of  the  cusp;  (2)  larger  number  of 
denticles;  and  (3)  slight  asymmetry  of  the  platform 
by  lateral  bowing. 

The  Capitanian  (?  and  lower  Dzhulfian)  M. 
r0senkrantzi  rosenkrantzi  (Bender  &  Stoppel)  is 
mainly  distinguished  by  the  distinct  triangular 
platform  outline  of  adult  forms  and  by  missing 
button  on  the  posterior  margin.  Moreover,  a  narrow 
platform  brim  is  often  present  behind  the  cusp. 
These  features  in  juvenile  to  subadult  forms  are 
hard  to  distinguish. 

[1.  britannica  is  distinctly  different  from 
other  Lopingian  conodonts  (except  its  forerunner 
rosenkrantzi  rosenkrantzi )  by  its  outline  and 
the  trough-like  excavated  keel.  Therefore,  it  may 
be  the  end  form  of  the  M.  phosphoriensis  line. 
However,  some  early  representatives  of  the 
Clarktna  carinata  group  from  Greenland  have  a 
surprisingly  similar  outline  and  a  somewhat 
excavated  keel  (e.g.  the  specimen  figured  by  Sweet 
1976  on  pi.  16,  fig.  14).  Moreover,  a  button  is 
characteristic  for  many  species  of  the  C.  carinata 
group  and  become  in  this  group  even  more  pro¬ 
nounced  or  changes  in  a  posterior  constriction  of 
the  platform.  Thus,  it  cannot  be  excluded  that  the 
C.  carinata  group  has  evolved  from  M.  britannica. 

As  mentioned  above,  the  gondolellid  taxonomy 
is  based  exclusively  on  the  Pa  elements  because 
the  other  elements  are  identical  or  very  similar  in 
all  gondolellid  conodonts.  For  completeness  of  the 
knowledge  of  M.  britannica,  the  assignment  of  the 
different  elements  by  Swift  (1995)  will  be  discussed 
below. 

The  Pb  element  of  M.  britannica,  in  the  form- 
taxonomy  belonging  to  the  Ozarkodina  lortilis 
group,  was  determined  by  Swift  (1995)  as  the 
P  element  of  Xaniognatlius  abstractus  (Clark  & 
Ethington).  A  broken  form  of  this  Pb  element  was 
determined  by  Swift  (1995)  as  Xaniognathus  spp., 
P  element.  Juvenile  Pb  elements  of  M.  britannica 
he  determined  as  Xaniognathus  spp.,  Pb  element. 

The  M  element  of  M.  britannica,  in  the  form- 
taxonomy  belonging  to  the  Cypridodella  muelleri 
group,  was  correctly  assigned  as  M  element,  but 
of  1M.  phosphoriensis. 

The  Sa  element,  belonging  in  the  form-taxonomy 
to  the  Hibbardella  magnidentata  group,  was 


assigned  by  Swift  (1995)  as  Sc  element  to  Xanio¬ 
gnathus  abstractus  (Clark  &  Ethington).  A  nearly 
complete  posterior  bar  was  figured.  Such  broken 
posterior  bars  of  'Hibbardella' magnidentata  (Tatge) 
were  in  the  Triassic  described  as  ' Prioniodella’ 
prioniodellides  (Tatge)  as  already  assumed  by 
Kozur  (1968)  and  recognised  by  Kozur  &  Mostler 
(1972). 

The  Sb  element,  belonging  in  the  form-taxonomy 
to  the  Enantiognathus  ziegleri  group,  was  assigned 
as  Sb  clement  to  1M.  phosphoriensis  by  Swift 
(1995). 

Broken  parts  of  the  Sc  element,  belonging  in 
the  form-taxonomy  to  the  Metaprioniodus  suevicus 
group,  were  assigned  as  ?Pb  element  (broken  part 
of  the  posterior  bar)  or  as  Sa  element  (broken 
specimens  with  cusp  and  short  parts  of  the  anterior 
and  posterior  bar)  to  ?M.  phosphoriensis.  These 
two  preservations  are  very  typical  for  Metapri¬ 
oniodus  suevicus  (Tatge),  the  Sc  clement  of  many 
gondolellid  conodonts  (Kozur  1968;  Kozur  & 
Mostler  1972).  The  very  fragmentary  element 
that  Swift  (1995)  assigned  to  a  Sc  element  of 
1M.  phosphoriensis,  is  surely  not  a  Sc  element, 
but  it  is  too  fragmentary  for  recognition,  which 
element  of  M.  britannica  it  is. 


MerriUina  Kozur,  1975, 

Stepanovites  Kozur,  1975  and 
Sweetina  Wardlaw  &  Collinson,  1986 

Wardlaw  &  Collinson  (1986)  assigned  Stepanovites 
meyeni  Kozur  &  Movshovich,  1975,  the  type 
species  of  Stepanovites  Kozur,  1975  to  MerriUina 
divergens  (Bender  &  Stoppel,  1995).  For  an 
apparatus  identical  with  that  of  Stepanovites,  they 
introduced  Sweetina  Wardlaw  &  Collinson,  1986 
with  the  type  species  Sweetina  tritiewn  Wardlaw 
&  Collinson,  1986  =  Stepanovites  festivus  (Bender 
&  Stoppel)  sensu  Wardlaw  &  Collinson  (1984).  In 
this  genus,  the  Pa  element  has  a  short  and  anteriorly 
directed  lateral  process.  This  Pa  element  is  very 
rare  and  was  not  found  by  Kozur  &  Movshovich 
(in  Kozur  1975). 

Chalimbadja  &  Silanticv  (1997;  photographs  only 
shown  as  poster  on  the  Strzelecki  Symposium  in 
Melbourne),  found  in  Lower  Kazanian  beds  in  a 
monospecific  fauna  the  typical  Sweetina  Pa  element 
together  with  the  apparatus  of  Stepanovites  meyeni. 
The  very  characteristic  Sc  element  of  this  lower 
Kazanian  species  was  found  also  in  the  lower 
Kazanian  material  of  Chalimbadja  &  Silanticv 
(1997).  However,  because  of  the  Pa  element,  they 
assigned  this  form  to  Sweetina  triticum,  but  the 
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apparatus  is  different  from  this  species  (but 
congeneric).  The  important  and  rich  material  by 
Chalimbadja  &  Silantiev  (1997)  has  proven  that 
Sweetina  Wardlaw  &  Collinson,  1986  is  a  junior 
synonym  of  Stepanovites  Kozur,  1975,  as  the  type 
species  S.  meyeni  has  the  characteristic  Pa  element 
with  anteriorly  directed  short  lateral  process. 

Chalimbadja  &  Silantiev  (1997)  assigned  erron¬ 
eously  upper  Kazanian  forms  to  S.  meyeni ,  from 
which  they  did  not  find  a  Pa  element.  The  Sc 
element  is  very  different  from  that  of  S.  meyeni, 
and  therefore  these  forms  do  not  belong  to 
S.  meyeni,  the  hololype  of  which  was  derived  from 
the  Lower  Kazanian.  This  form  has  probably  a 
symmetric  Pa  element  (figured  together  with  a  real 
Pa  element  of  Merrillina  under  M.  divergens)  with 
a  central  cusp  and  short  anterior  and  posterior  bars 
of  equal  length  that  bear  two  denticles.  It  belongs 
probably  to  a  new  genus  that  is  closely  related  to 
Stepanovites,  but  distinguished  by  the  missing 
lateral  process  of  the  Pa  element.  Neither  this 
new  genus  nor  Stepanovites  emend,  belong  to 
Merrillina.  The  entire  apparatus  of  Stepanovites 
and  of  the  new  genus  is  considerably  more  robust 
than  any  Merrillina  apparatus,  and  the  Pa  element 
is  basically  different. 

Merrillina  divergens  that  was  reported  by 
Chalimbadja  &  Silantiev  (1997)  from  the  upper 
Kazanian,  does  not  belong  to  this  species.  The  Pa 
element  has  a  rather  low  blade,  widely  separated 
denticles  and  a  small  denticle  behind  the  cusp.  In 
the  Sb  element,  the  posterior  end  of  the  posterior 
bar  is  nearly  vertically  downward-directed,  and  this 
part  also  bears  denticles.  This  is  a  primitive  feature 
of  Merrillina,  indicating  that  Merrillina  n.  sp.  from 
the  upper  Kazanian  is  considerably  older  than  the 
Zechstcin  M.  divergens.  The  youngest  beds  in  North 
America,  where  this  primitive  type  of  Merrillina 
Sb  element  was  found,  is  the  upper,  but  not 
uppermost  Wordian  (Wardlaw  &  Collinson  1986). 
Therefore,  the  upper  Kazanian  probably  does  not 
reach  up  to  the  top  of  the  Wordian.  If  this  tentative 
correlation  will  be  confirmed  by  discovery  of 
Merrillina  sp.  nov.  and  the  new  conodont  species 
(and  genus?)  of  the  upper  Kazanian  in  well  dated 
rocks  outside  the  Russian  Platform,  then  the 
Tatarian  would  begin  within  the  Wordian,  if  there 
is  no  gap  between  the  Kazanian  and  Tatarian. 
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The  Dorashamian  faunas  of  the  Huai  Thak  Formation  in  North  Thailand  is  composed  by 
many  taxa  such  as  ammonoids,  nautiloids,  bivalves,  gastropods,  trilobites,  brachiopods,  rugose 
corals,  bryozoans,  foraminifers  including  fusulines,  sponges,  algae,  etc.,  of  which  fusulines 
and  ammonoids  are  useful  for  biostratigraphy  of  the  calcareous  and  clastic  sediments 
respectively.  Foraminifera  faunas  represent  the  Gallowayinella  and  Colaniella-Reichelina  zones. 
The  ammonoids,  consisting  of  Paratirolites  nakornsrii  and  Tapashanites  yaowalakae ,  occur  in 
the  uppermost  horizon  of  the  Doi  Pha  Phlung  area.  A  barren  zone  of  partly  dolomitised 
limestone  occurrs  at  the  top  of  557  m  at  the  Doi  Pha  Phlung  and  overlies  the  Colaniella 
parva  Zone.  It  is  interpreted  that  the  stratigraphical  horizon  of  the  barren  limestone  is  higher 
than  that  of  the  latter.  The  clastic  rocks  composed  of  shale,  sandstone  and  conglomerate  are 
in  a  fault  contact  to  the  shale  of  the  Lower  Triassic  Phra  That  Formation. 


THE  PERMIAN  Huai  Thak  and  the  Triassic 
Phra  That  Formations  are  widely  distributed  in 
the  surveyed  area,  north  of  Lantpang,  northern 
Thailand  (Fig.  1).  Within  those  strata,  ammonoids 
and  brachiopods  are  generally  used  for  the  bio- 
stratigraphic  zonations  of  the  non-calcareous  sedi¬ 
ments,  and  foraminifers  and  conodonts  for  the 
calcareous  ones.  Some  Dorashamian  faunas  have 
been  previously  reported  from  this  area  as  follows: 
brachiopods  (Waterhouse  1983);  ammonoids,  nauti¬ 
loids  and  trilobites  (Ishibashi  &  Chonglakmani 
1990;  Ishibashi  et  al.  1994);  fusulines  (Ueno  & 
Sakagami  1991);  and  smaller  foraminifers 
(Sakagami  &  Hatta  1982). 

The  stratigraphic  succession  from  non-calcarcous 
to  calcareous  sediments  at  Doi  Pha  Phlung  area 
were  measured  and  many  kinds  of  faunal  and  floral 
fossils  collected  from  a  number  of  localities  in 
the  surveyed  area.  The  synthetic  chart  of  bio- 
stratigraphic  correlation  is  made  on  the  basis  of 
these  data.  These  new  data  offer  some  interesting 
information  on  fusuline  zones  of  the  Upper  Permian 
in  Thailand,  the  latest  faunal  assemblages  of  the 
Dorashamian  stage  and  the  distribution  of  plant 
fossils  of  the  Dzhulfian  in  Southeast  Asia. 


GEOLOGICAL  SETTING  OF 
DOI  PHA  PHLUNG  AREA 

The  geology  of  this  area  has  been  discussed  by 
Ishibashi  et  al.  (1994).  The  Huai  Thak  and  Phra 


That  Formations  are  distributed  in  a  north  north¬ 
east  to  south  south-west  direction.  The  Huai  Thak 
Formation  consists  of  clastic  and  calcareous 
sediments  and  yields  plenty  of  marine  fossils  in 
its  upper  part  and  non-marine  plant  fossils  in  its 
lower  part.  The  calcareous  sediment  is  composed 
of  limestone  and  calcareous  shale.  The  main  body 
of  the  Doi  Pha  Phlung  (Pha  Phlung  Mountain) 
and  some  mountains  around  it  comprises  bedded 
limestone  with  calcareous  shale  in  its  lower  part. 
Shale  and  sandstone  are  found  around  the  Doi  Pha 
Phlung  and  other  peaks.  The  contact  between  the 
lower  and  upper  parts  of  this  formation  is 
recognised  at  locality  1,  where  it  is  a  fault  contact. 

The  Lower  Triassic  Phra  That  Formation  con¬ 
sists  of  shale  and  limestone  and  yields  several 
species  of  Claraia  and  Opliiceras.  The  contact  of 
this  formation  with  the  Permian  Huai  Thak 
Formation  is  a  fault,  recognisable  at  locality  8 
(Ishibashi  et  al.  1994). 


DORASHAMIAN  FAUNA  OF  THE 
HUAI  THAK  FORMATION 

Abundant  marine  faunas  occur  in  the  limestones 
of  Doi  Pha  Phlung  and  shale  distributed  around 
it  (Fig.  2).  The  fossils  (Figs  3  and  4)  comprise 
foraminifers  including  fusulines,  bryozoans,  corals, 
trilobites,  brachiopods,  bivalves,  gastropods,  nauti¬ 
loids,  ammonoids  and  algae,  some  of  which  have 
been  already  reported  (i.c.  Waterhouse  1983; 
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Fig.  1.  Index  map  (A)  of  surveyed  area  (□) 
and  location  map  (B)  of  samples  around  Doi 
Pha  Phlung  area. 


Sakagami  Hatta  1982;  Ishibashi  &  Chonglakmani 
1990;  Ishibashi  et  al.  1994).  The  stratigraphical 
horizons  of  those  fossils  in  the  Huai  Thak 
Formation  are  shown  in  Fig.  2.  Fusulines  and 
ammonoids  are  the  most  important  and  reliable  for 
determination  of  the  geologic  age  of  Permian 
sediments.  The  former  occurs  in  the  fossiliferous 
limestone,  while  the  latter  is  found  in  the  shale 
beds.  The  fusulines  occur  in  the  limestone  of 
the  Doi  Pha  Phlung  and  limestone  blocks  in  the 
shale  beds  around  it.  Several  species  of  fusulines 
including  Gallowayinella,  Reichelina  and  Palaeo- 
fusulina  were  described  from  the  lower  part  of  the 
Doi  Pha  Phlung  limestone  (Ueno  &  Sakagami 
1991),  and  the  smaller  foraminifers,  Paraglobi- 
valvulina.  Pacliyphloia,  Agathammina,  etc.  were 
reported  from  the  limestone  of  the  Doi  Pha  Phlung 
(Sakagami  &  Hatta  1982). 


Ccphalopods,  on  the  other  hand,  are  known  from 
the  Lower  Triassic  (Scythian)  Phra  That  Formation 
(Chonglakmani  1982;  Ishibashi  et  al.  1994)  and 
from  the  Upper  Permian  (Dorashamian)  Huai 
Thak  Formation  (Ishibashi  &  Chonglakmani  1990; 
Ishibashi  et  al.  1994).  It  is  interpreted  that  the 
Dorashamian  ammonoid  horizon  including 
Paratirolites  nakomsrii,  Tapashanites  yaowalakae, 
Pseudogastrioceras  aff.  szechuanense ,  etc.  occur 
at  a  higher  stratigraphic  horizon  than  that  of 
the  Reichelina-Colaniella  Zone  because  of  the 
occurrence  of  calcareous  deposits  (about  120  m  in 
thickness)  in  the  Palaeoftisulina-Reichelina  Zone 
at  locality  12  (Ishibashi  el  al.  1994),  the  occurrence 
of  a  barren  limestone  (7  m  in  thickness)  on  the 
peak  (557  m)  of  the  Doi  Pha  Phlung  and  the 
occurrence  of  limestone  blocks  yielding  Palaeo- 
fnsulina  sinensis  and  Reichelina  cf.  changhsingensis 
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Fig.  2.  Idealised  columnar  section  of  the  Huai  Thak  Formation  and  associated  fossils  in  Doi  Pha  Phlung  area. 


Shale  with  coal  seam  11,11  ... 

Limestone  conglomerate  MtH  Limestone,  bedded  (  )*  Fossils  from  limestone  blocks  or  gravels 
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Fig.  3  (see  legend  on  page  226) 


DORASHAMIAN  BIOSTRATIGRAPHY  OF  THE  DOI  PHA  PHLUNG  AREA 
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Fig.  4  (see  legend  on  page  226) 
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in  the  shale  yielding  Paratirolites  nakomsrii 
(Ishibashi  et  al.  1994). 

An  idealised  columnar  section  and  the  strati¬ 
graphic  horizons  of  each  taxon  in  the  Doi  Pha 
Phlung  area  are  shown  in  Fig.  2.  The  brachiopod 
fauna  described  from  localities  11  and  12  was 
considered  by  Waterhouse  (1983)  to  be  lower 
Dorashamian  in  age,  but  Palaeofusulina- Nankinella 
Zone  fusulincs  occur  below  this  brachiopod  fauna. 
It  is  a  fact  that  Palaeofusulina  is  associated  with 
Nankinella  in  this  area.  A  lower  Dorashamian  fauna 
is  recognised  at  locality  1.  including  Galloway inella 
guidingensis ,  Siamnautilus  ruchae,  etc.  A  thin  coal 
seam  (about  20  cm  in  thickness)  is  found  in  the 
black  shale  at  locality  1  being  contacted  with  the 
overlying  marine  shale  by  a  fault.  Details  of  the 
coal  seam  is  currently  under  study.  Plant  fossils, 
including  Pecopteris  sp.,  occur  in  the  carbonaceous 
shale  in  the  same  section.  This  is  considered  as 
non-marine  sediments  of  the  upper  Dzhulfian. 

Stratigraphic  correlation  of  the  Upper  Permian 
in  the  Tethys  has  been  reported  on  the  basis  of 
fusulines,  ammonoids,  brachiopods,  etc.  (i.e.  Kotljar 
1989;  Ishibashi  et  al.  1994).  More  detailed  faunal 
assemblages  of  the  Dorashamian  have  been  eluci¬ 
dated  by  this  work  from  the  Doi  Pha  Phlung  in 
northern  Thailand.  It  is  well  known  that  one  of 
the  fusulinids,  Nankinella,  generally  appears  in  the 
lower  Dorashamian  of  the  world  but  it  is  also 
found  at  a  higher  stratigraphic  horizon  associated 
with  Palaeofusulina  faunas  in  Doi  Pha  Phlunbg 
in  north  Thailand.  Gallowayinella  guidingensis  is 
considered  to  be  early  Dorashamian  age  and 
equivalent  to  lower  Changxingian  in  South  China. 
The  ammonoid  fauna  occurs  in  association  with 
Paratirolites  nakomsrii  and  Tapashanites  yaowa- 
lakae  and  is  in  the  highest  stratigraphic  horizon 
of  the  Permian  in  Thailand. 
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Legends  to  Figs  3  and  4. 

Fig.  3.  Dorashamian  fauna  of  Doi  Pha  Phlung— 1:  A,  Siamnautilus  ruchae  Ishibashi,  Nagai  et  Nakornsri,  xl. 
B,  Paratirolites  nakomsrii  Ishibashi  et  Chonglakmani,  xl.  C,  Tapashanites  yaowalakae  Ishibashi,  Nagai  et 
Nakornsri,  xl.  D,  Oldhamina  cf.  anshunensis  Huang,  x2.  E,  Oldliamina  squamosa  Huang,  xl.  F,  Pseudophillipsia 
(Nodiphillipsia)  aff.  ozawai  Kobayashi  et  Hamada,  x5.  G-H.  Waagenopliyllum  (Waagenophyllum)  aff.  virgalense 
(Waagen  et  Wentzel),  transverse  and  longitudinal  sections,  respectively,  xlO.  I— J,  Araxopora  sp„  transverse  and 
longitudinal  sections,  respectively.  xlO. 

Fig.  4.  Dorashamian  fauna  of  Doi  Pha  Phlung — 2:  A-C,  Gallowayinella  guidingensis  Liu,  Xiao  et  Dong: 
A-B,  axial  sections;  C,  sagittal  section,  x20.  D-F,  Palaeofusulina  sinensis  Sheng:  D-E,  axial  sections;  F,  oblique- 
centred  section,  x20.  G-J,  Reichelina  cf.  clumghsingensis  Shen  et  Chang:  G-I,  axial  sections;  J,  sagittal  section; 
G-H,  x20;  I— J,  x50,  K,  Nankinella  sp.,  axial  section,  x20.  L-N,  Colaniella  cylindrica  M-Maklay:  L-M,  axial' 
section;  N,  sagittal  section;  L,  N,  x30;  M,  x20.  O-S,  Colaniella  parva  (Colani):  O-P,  R,  axial  sections; 
Q,  S,  longitudianal  sections,  x20.  T-U,  Colaniella  cf.  lepida  Wang:  T,  axial  section;  U,  oblique  section,  x20. 
V-W,  Pachyphloia  langei  Sosnina,  axial  sections;  V,  x25;  W,  x20.  X,  Nodosalia  sagitta  M-Maklay,  axial 
section,  x20.  Y-Z,  Agathammina  sp.:  Y,  axial  section;  Z,  sagittal  section,  x20.  AA-BB,  Climacammina  sp„  x20. 
CC-DD,  Paraglobivalvulina  piyasini  Sakagami  et  Hatta,  x20. 
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As  the  direct  correlation  of  marine  and  non-marine  facies  of  Upper  Permian  in  stratotypical 
region  of  eastern  part  of  Russian  Platform  on  the  basis  of  palaeontological  and  lithological 
data  is  impossible,  other  criteria  are  required.  First  attempt  of  correlation  on  the  basis  of 
geochemical  data  has  been  made.  Groups  of  typomorphic  elements  related  to  carbonates 
(Sr,  Mn,  Ba,  Sc,  Y)  and  shales  and  sandstones  (Ga,  Ti,  Ni,  V,  Cr,  P,  Zn,  Li,  B)  are  deter¬ 
mined.  Elements  which  set  up  geochemical  barriers  in  transitional  environment  are  determined. 

An  important  role  of  organic  matter  in  accumulation  of  chalcophile  and  noble  metals  is  stated. 

It  is  proven  that  geochemically  homogeneous  carbonate  strata  can  be  used  as  reference  points 


for  correlation. 


THE  VOLGA-URALS  region  is  a  type  area  of 
the  Permian  sediments  used  by  Sir  Roderick  I. 
Murchison  to  define  the  Permian  System  as  such 
in  1841  (Murchison  1849).  In  this  area,  the  Upper 
Permian  consists  of  the  Ufimian,  Kazanian  and 
Tatarian  Stages  which  unconformably  overlie  the 
eroded  Lower  Permian  surface.  The  carbonaceous 
terrigenous  rocks  were  defined  by  S.  Nikitin  (1887) 
as  the  Tatarian  Stage  using  the  outcrops  from 
the  Vyatka  river  basin.  The  reference  section  of 
the  Tatarian  sediments  is  that  of  Pechischi.  The 
Kazanian  Stage  was  defined  by  A.  Netschaev 
(1915),  Professor  of  Kazan  University.  The  under¬ 
lying  red  beds  were  defined  as  the  Ufimian  Stage. 

The  geological  structure  of  the  Upper  Permian 
deposits  in  the  Volga-Urals  region  is  featured  by 
facies  zonality,  caused  by  transgressive-regressive 
motion  of  marine  basin  at  that  geological  time. 
Detailed  facies  studies  of  marine  and  conti¬ 
nental  sediments  of  the  Kazanian  conducted  by 
N.  Golovkinsky  (1868)  resulted  in  determination 
of  its  facies  changes  in  time  and  space. 

Upper  Permian  deposits  mainly  consist  of 
terrigenous  red-beds  and  carbonaceous  terrigenous 
grey  rocks.  Lithologically  they  are  represented  by 
sandstones,  siltstones,  argillaceous  and  carbonate 
rocks  which  were  formed  in  various  facies  environ¬ 
ment.  Repeated  change  in  conditions  of  deposition 
was  accompanied  by  sharp  geochemical  contrasts 
resulting  in  significant  redistribution  of  chemical 
components  and,  as  a  result,  occurrence  of 
favourable  conditions  for  concentration  of  some 
elements.  Confined  to  the  zone  of  facies  transitions 
in  Volga-Urals  region  arc  numerous  occurrences 
of  copper  metallisation,  like  cupriferous  sand¬ 


stone,  coal  deposits  (Khassanov  &  Gafurov  1997), 
eastwards  taking  industrial  dimensions,  and  other 
deposits  (bitumen,  limestones,  decorative  stones). 
Some  of  them  are  accompanied  by  increased  con¬ 
centrations  of  some  chemical  elements,  which 
can  be  of  practical  interest.  The  main  elements 
accumulated  in  such  a  way  are  copper,  silver  and 
molybdenum.  In  addition,  in  a  number  of  cases 
an  increased  content  of  gold,  platinum,  palladium 
and  germanium  was  observed  in  carbonaceous 
formations.  Important  for  this  is  organic  matter, 
which  is  the  main  concentrator  of  rare  elements. 
Organic  matter  of  the  Upper  Permian  is  represented 
by  plant  remains  turned  into  coal  confined  to  the 
Lower  Kazanian,  its  content  increasing  considerably 
in  north-east  direction.  Coal  stringers  are  here  up 
to  0.3  m  thick. 

The  replacement  of  marine  facies  by  littoral 
marine  ones  and  by  deposits  of  freshwater  ponds 
took  place  in  an  easterly  direction.  The  poly¬ 
facies  character  of  the  structure  of  Upper  Permian 
deposits  characterised  by  the  absence  of  extended 
lithologically  uniform  strata  encumbers  significantly 
their  stratigraphic  division  and  correlation.  The 
main  difficulty  here  is  the  practical  complexity  of 
palaeontological  comparison  of  normal  marine  and 
limnetic  fauna  with  the  entailed  lack  of  precise 
criteria  for  determination  and  correlation  of  strati¬ 
graphic  boundaries.  This  makes  of  current  interest 
the  study  of  geochemical  specialisation  and  distri¬ 
bution  of  microelements  in  the  deposits  of  Upper 
Permian  age  on  the  basis  of  detailed  research  of 
stratotypes  and  bores.  The  study  of  geochemistry 
of  the  Upper  Permian  deposits  and,  in  particular, 
of  distribution  of  diffuse  elements  in  them  can 
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Outcrops: 

*  1-Pechischi 

2- Vandovka 

3-  Sentyak 

4- Elabuga 

5- Pro  sti 


Towns: 

-*  -  Elabuga 


Fig.  I.  Location  of  studied  outcrops  in  Tatarstan  (East  Russian  Platform). 
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Table  I.  Mean  contents  of  microelements  (ppm)  in  Upper  Permian  outcrops:  1,  Pechischi;  2,  Vandovka;  3,  Sentyak 
(Lower  Tatarian  +  Upper  Kazanian). 


considerably  assist  at  issues  of  their  local,  regional 
and  interregional  correlation,  division  and  facies 
analysis. 

We  investigated  the  stratotype  and  reference 
sections  of  the  Upper  Permian  (outcrops  Pcchischi, 
Vandovka,  Sentyak,  Elabuga,  Prosti)  placed  across 
the  facies  zones  from  Kazan  to  Elabuga  (Fig.  1). 
The  main  sections  are  shown  in  Fig.  2.  The  results 
obtained  were  used  by  the  authors  for  geological 


mapping  at  1:50  000  scale  conducted  on  the 
territory  of  Tatarstan  Republic. 

The  conducted  research  has  revealed  two  main 
groups  of  elements,  characteristic  for  various  lith¬ 
ological  formations:  carbonaceous  and  carbon¬ 
aceous-terrigenous  (mollasoid).  Mean  contents  of 
microelements  in  rocks  of  the  formations  in  the 
stratotypes  are  presented  in  Table  1. 

Typical  for  the  carbonaceous  formation  are 
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Pechischi 


Fig.  2.  Sections  of 
Upper  Permian  out¬ 
crops  in  the  East 
Russian  Platform: 

P2t2,  Upper  Tatarian; 
P2ti,  Lower  Tatarian; 
P2IC7.2,  Lower  Kazanian. 
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Factor  Loadings,  Factor  1  vs.  Factor  2  vs.  Factor  3 
Rotation:  Biquartimax  normalized 
Extraction:  Principal  components 


Fig.  3.  Factor  diagram  for  elements  of  Upper  Permian: 
1,  limestone;  2,  geochemical  barriers;  3,  terrigenous 
complex. 


Sr,  Mn,  Ba,  Sc,  Y,  which  are  mainly  concentrated 
in  carbonaceous  minerals,  while  for  the  mollasoid 
formation  specific  are  Ga,  Tt,  Ni,  V,  Cr,  P,  Zn, 
Li,  B,  present  in  terrigenous  material.  A  third  group 
of  elements  (Cu,  Ag,  Hg)  is  characterised  by  its 
own  peculiar  behaviour  which  serves  as  an  indicator 
of  geochemical  barriers  in  the  transitional  littoral- 
marine  facies  zone  (Fig.  3).  The  occurrence  of  geo¬ 
chemical  barriers  is  mainly  determined  by  the 
presence  of  a  great  deal  of  organic  matter,  which 
builds  reducing  sulphuretted  hydrogen  environ¬ 
ment.  In  coal  of  the  Kazanian  stage,  connected 
with  the  transition  zone  from  marine  facies  to 
littoral-marine  ones,  in  the  vicinity  of  outcrops  of 
Sentyak,  Elabuga,  were  observed  increased  contents 
of  Pt  up  to  1.3  ppm,  Ag  up  to  34  ppm,  Au  up 
to  20  ppb,  Ge  up  to  170  ppm. 

Each  of  the  three  groups  of  elements  is  indicative 
of  specific  geochemical  trends.  Thus,  the  ‘carbon¬ 
aceous  group’  sharply  distinguishes  carbonates  of 
both  marine  and  non-marine  origin  within  homo¬ 
geneous  argillaceous-sandstone  stratum.  Carbonates 
are  also  distinguished  by  a  complex  of  additive 
and  multiplicative  factors  for  opposite  groups  of 
elements — ‘carbonaceous’  and  ‘terrigenous’  (Fig.  4). 
It  is  very  likely  to  be  connected  with  authigenic 
origin  of  carbonaceous  rocks,  geochemical  features 
being  determined  by  specific  chemical  environ¬ 
ment  and  depth  of  the  basin  of  sedimentation.  The 
Kazanian  limestones  were  found  to  be  geo- 
chemically  different  from  those  of  the  Tatarian. 


The  former  are  characterised  by  increased  contents 
of  Sr,  Cu,  Mo,  B,  Cr,  and  values  of  Cu/Ag,  Cu/Ti 
B/Ga,  while  the  latter  by  increased  contents  0f 
Mn  and  Cr/B  ratio.  The  difference  between  the 
Kazanian  and  Tatarian  carbonates  is  connected 
with  the  distinction  of  environments  in  basins  of 
carbonatogenesis;  Kazanian  carbonates  have  been 
formed  in  open  marine  basin,  whereas  the  Tatarian 
carbonates  were  formed  in  closed  lagoon  or  lakes 

An  expressed  tendency  in  decrease  of  absolute 
concentration  of  strontium  and  increase  of  content 
of  manganese  from  west  to  east  was  observed 
which  is  connected  with  general  desalination  0f 
the  basin  in  the  direct  vicinity  from  coastal  lines 
At  the  same  time,  in  a  vertical  profile  of  the  Uppcr 
Permian  the  decrease  in  content  of  Sr  and  Sr/Ba 
ratio  and  increase  of  concentration  of  Mn  is 
observed  in  carbonates  (Fig.  5).  The  tendency  0f 
desalination  of  isolated  basins  of  Tatarian  stage  is 
reflected  in  geochemical  profile  of  rocks  and  is 
consistent  with  palaeontological  data.  Entry  forms 
in  carbonates  of  Li,  Ti,  Ni,  V,  Cr,  B,  Ga  are 
connected  with  clastic  and  argillaceous  components 
so  their  role  in  the  same  directions  increases. 

In  the  continental  red-beds  of  the  Upper  Permian 
geochemical  markers  arc  exhibited  due  to  maximum 
contents  of  elements  of  Fe  group.  In  particular 
according  to  an  additive  factor  which  includes 
Ti,  Ga,  V,  Cr,  Li  and  Zn  stand  out  beds  of  basal 
sandstones  and  shales.  Upwards  from  the  Ufimian 
to  Tatarian  stages  in  the  argillaceous-sandstone  red- 
beds,  the  concentrations  of  Mn,  Ga,  V,  Cu  and 
V/Ti,  Cr/B  ratios  increase,  while  the  concentrations 
of  B,  Li,  Ba  and  Mn/Ba,  B/Ag,  B/Ga  decrease 
These  geochemical  features  can  assist  in  deter¬ 
mination  of  stratigraphic  units  in  palacontologically 
barren  terrigenous  strata,  fixing  on  the  basis  of 
multiplicative  factors  changes  in  conditions  of 
sedimentogenesis.  It  must  be  noted  that  the  one- 
element  criterion  here  does  not  allow  to  make 
divisions  of  uniform  continental  strata.  Advanced 
statistical  techniques  were  used  for  obtaining 
the  criteria  (additive  and  multiplicative  factors, 
factor  and  cluster  analysis).  Geochemical  reducing 
barriers  are  fixed  by  contrast  anomalies  of 
chalcophilc  elements  at  transition  ‘continent-sea’ 
and  ‘sea-continent’.  The  argillaceous  band  con¬ 
taining  Lingula  orientalis  (Gol.)  was  determined 
by  A.  Nechaev  (1915)  to  be  the  bottom  of  the 
Kazanian.  For  the  first  time  here,  a  Hg-anomaly 
of  2.7  ppm  was  recorded.  Anomalies  of  Cu  are 
responsible  for  a  reverse  transition  from  marine  to 
continental  sediments  within  the  Kazanian  stage. 
Marine  Kazanian  sediments  are  distinguished  from 
underlying  and  overlying  continental  sediments  by 
anomalies  of  Ag. 
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Sr+Ba 

■  Ti+Ni+V+Cr+Zn+Ga 


Fig.  4.  The  regional  geochemical  correlation  of  Upper  Permian  outcrops  in  the  East  Russian  Platform:  P2L  Tatarian; 
P2kz,  Kazanian;  P2uf,  Ufimian. 
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Fig.  5.  Diagram  of  mean  contents  (ppm)  of  elements  in  Upper  Permian. 


Statistical  analysis  of  spectral  data  for  separate 
types  of  rock  has  been  performed.  The  main  types 
of  rocks  participating  in  Permian  deposits  were 
considered:  shale,  siltstone,  sandstone,  carbonate 
rock  (limestone  and  dolomite).  As  a  result  of  the 
analysis  the  existence  of  specific  geochemical 
characteristics  for  each  of  the  types  is  revealed 
and  geochemical  distinction  between  rocks  of 


different  stages  within  the  lithological  types  is 
established. 

The  discriminant  analysis  (Khassanov  &  Novikov 
1997)  was  also  used  to  reveal  geochemical  dis¬ 
tinctions  of  lithological  types.  'Hie  main  types  of 
Permian  deposits  considered  were  clays,  aleurolites, 
sandstones  and  carbonates  (limestones  and  dolo¬ 
mites).  Geochemical  criteria  for  distinction  of  the 


GEOCHEMICAL  CORRELATION  OF  POLYFACIES  SEDIMENTS  OF  THE  UPPER  PERMIAN 


233 


Shale 

Sandstone 

Aleurolite  Carbonate 

Shale 

251 

77 

79  21 

Sandstone 

61 

154 

61  13 

Aleurolite 

79 

83 

122  10 

Carbonate 

30 

5 

8  84 

Table  2. 

Classification  matrix  for  Upper  Permian  rocks. 

P2t 

P2kz, 

P2kZ2 

P2uf 

Pisak 

P2t 

15 

3 

2 

0 

0 

P2kzi 

2 

19 

2 

0 

1 

P2kZ2 

2 

2 

28 

0 

2 

P2uf 

0 

0 

0 

1 

0 

Pisak 

2 

0 

0 

0 

46 

Table  3.  Classification  matrix  of  carbonaceous  rocks 
for  stages  of  Upper  Permian:  P2L  Tatarian;  P2kzi,  Upper 
Kazanian;  P2kz2,  Lower  Kazanian;  P2uf,  Ufimian;  Pisak, 
Sakmarian. 


types  were  found.  The  results  of  classification  due 
to  geochemical  features  are  shown  in  Table  2,  the 
rows  of  which  correspond  to  the  real  types  of 
specimens,  and  the  columns  to  the  class  of  speci¬ 
mens  resulted  from  the  discriminant  analysis. 

In  addition,  it  was  found  that  the  rocks  of 
different  ages  but  of  the  same  lithological  types 
are  geochemically  significantly  different,  enabling 
their  correlation  using  geochemical  logs  of  different 
boreholes  and  outcrops.  It  must  be  noted  that  the 
most  reliable  results  arc  those  for  carbonate  rocks. 
The  results  of  classification  of  carbonate  specimens 
by  the  method  of  simple  discriminant  functions 
of  Fisher  are  presented  in  Table  3,  where  the 
rows  correspond  to  the  real  age  of  the  rock,  and 
the  columns  to  the  classification  given  by  the 
algorithm. 

For  terrigenous  rocks,  this  distinction  is 
expressed  to  a  lesser  extent,  as  their  formation 
was  accompanied  by  multiple  redegradation  and 
redeposition. 


CONCLUSIONS 

1.  For  the  first  time  we  have  established  geo¬ 
chemical  features  of  rocks  of  different  strati- 
graphical  divisions  of  the  Upper  Permian  at  the 
stratotypical  region  of  the  Upper  Permian  in  the 
eastern  part  of  the  Russian  Platform.  It  was 


possible  to  reveal  elements,  connected  with 
carbonaceous  rocks,  sandstones,  shales,  and 
to  trace  a  change  in  their  content  along 
the  direction  of  facies  changes.  A  group  of 
chalcophile  elements,  accumulations  of  which 
occur  at  a  boundary  between  facies,  was  also 
revealed. 

2.  The  results  of  our  investigations  allow  to 
recommend  carbonate  strata  possessing  specific 
features  (special  durability,  fauna  residuals, 
geochemical  features)  as  correlative  markers  and 
show  the  possibility,  in  principle,  of  local  geo¬ 
chemical  correlation  of  polyfacies  of  the  Upper 
Permian. 

3.  Geochemical  barriers,  comprising  organic  matter, 
play  an  important  role  in  commercial  accumu¬ 
lations  of  some  chalcophile  elements  and  noble 
metals. 
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The  Wairaki  Downs,  south  New  Zealand,  has  provided  the  type  species  of  a  number  of 
brachiopod  and  bivalve  genera.  A  detailed  geological  map  of  Wairaki  Downs,  New  Zealand, 
shows  that  the  Permian  succession  youngs  upwards  in  stratigraphic  order,  and  that  claims  of 
‘broken  formations’  and  ‘melange’  are  not  correct.  The  beds  are  involved  in  several  low 
angle  thrust  slices.  These  involve  Brook  Street  terrane  for  several  Middle  Permian  zones 
in  the  Letham  and  Mangarewa  Formations,  Maitai  terrane  with  Glendale  Formation,  a  Coral 
Bluff  Tectonic  Assemblage  of  Early  Permian  Takilimu  Group  and  Hilton  Limestone  Formation 
with  a  Late  Permian  (Changhsingian)  zone,  and  Wairaki  Breccia-Conglomerate  Formation, 
possibly  at  the  base  of  the  Murihiku  terrane  with  a  very  late  Permian  zone.  Various  Permian 
formations  are  unconformably  overlain  by  Jurassic  Elsdun  Formation  and  it  is  over  the  Jurassic 
beds  that  sliding  has  mostly  occurred.  The  Plekonella  multicostata  and  Spinomartinia  spinosa 


zones  are  newly  recognised  in  the  sequence, 
the  International  stratotypes. 

WAIRAKI  Downs  lies  east  of  the  Takitimu 
Mountains  in  western  Southland,  and  contains  a 
significant  segment  of  New  Zealand  Permian.  It 
is  this  area  which  has  provided  type  species  for 
several  Gondwana  genera,  including  brachiopods 
Lethamia ,  Paucispinauria,  Wairakiella,  Aperi- 
spirifer,  Maorielastna ,  and  bivalves  Strict  chondria, 
Glabripecten,  Fletcheripecten  and  Corrugopecten, 
as  well  as  the  world-wide  Carbonifcrous-Permian 
brachiopod  genus  Echinalosia.  A  number  of  zones 
have  been  recognised  and  correlations  proposed 
(eg.  Waterhouse  1982).  The  essential  validity  of 
these  zones  and  their  stratigraphic  integrity  has 
been  challenged  with  the  claim  that  fossils  come 
from  ‘melange’  or  a  ‘broken  formation’  (Landis 
1987).  Further  need  for  reassessment  arises  from 
the  endorsement  by  the  International  Sub¬ 
commission  on  Permian  Stratigraphy  of  new  world 
stratotypes  for  the  Permian  Period  (Jin  1996). 


PREVIOUS  FIELD  STUDIES 
(Table  1) 

Mutch  (1972:  text-fig.  28)  allocated  the  Permian 
of  Wairaki  Downs  to  a  Takitimu  Group  followed 
by  Productus  Creek  Group,  and  subdivided  the 
latter  into  Letham,  Mangarewa,  Elsdun,  Hawtel  and 
Wairaki  Breccia  Formations,  with  several  members 
also  named.  The  Productus  Creek  Group  was 
believed  to  extend  from  Kungurian  (late  Early 
Permian)  to  topmost  Permian,  but  the  succession 


The  zones  are  summarised  and  correlated  with 


appeared  to  be  disrupted  by  several  major 
unconformities,  and  some  formations  lacked  datable 
fossils  (Waterhouse  1982).  Most  of  the  type  species 
for  genera  came  from  the  Letham  and  Mangarewa 
Formations. 

Landis  (1987)  reported  Jurassic  rocks  within 
the  Productus  Creek  Group,  dated  from  radio- 
metric  ages  on  boulders,  and  a  scattering  of 
palynomorphs  and  bivalves.  The  Productus  Creek 
Group  was  reinterpreted  as  consisting  of  a  lower 
Letham-Mangarewa  ‘broken  formation’  or  melange, 
followed  by  massive  Glendale  limestone,  Jurassic 
‘Barretts  Conglomerate’,  and  an  easternmost 
‘Letham  Fault  Zone’,  of  faulted  units  involving 
the  Hawtel  and  Wairaki  Breccia.  The  fault  zone 
underlay  Murihiku  Terrane  of  Triassic  age.  The 
belt  of  Jurassic  was  interpreted  as  separating  two 
terranes.  Brook  Street  terrane  to  the  west,  Murihiku 
terrane  to  the  east.  This,  according  to  Campbell 
et  al.  (1995),  meant  that  the  Permian  faunal 
succession  of  Wairaki  Downs  was  suspect. 

These  critics  have  not  provided  any  adequate 
map,  other  than  a  sketch,  scaled  at  2  cm  to  1  km, 
much  too  small  for  detailed  geology.  Even  so,  the 
map  was  remarkably  simple  (Landis  1987:  text- 
fig.  4).  The  Landis  stratigraphic  proposals  are 
yet  to  be  validated,  as  they  were  made  without 
adequate  definitions  or  type  sections,  and  only  in 
a  field  guide,  which  is  discountenanced  by  the 
Guide  to  Stratigraphic  Nomenclature  (Salvador 
1994).  Nonetheless,  they  offered  a  serious  challenge 
to  the  former  understanding  of  Wairaki  Downs 
geology. 
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Mutch  1972 

Force  1975 

Landis  1987 

Present  account 

Wairaki  Breccia 

Wairaki  Breccia 

Letham  Fault  Zone 

Wairaki  Breccia 
conglomerate 

?Murihiku  Supergroup 

Hilton  M 

Hilton  M 

Hilton  Limestone  F 
Old  Wairaki  Hut  F 

Coral  Bluff  Tectonic 
Assemblage 

Hawtel  F 

Hawtel  F 

Barretts  conglomerate 

Elsdun  F 

Jurassic 

Glendale  M 

Glendale  M 

Glendale  F 

Glendale  F 

Maitai  Supergroup 

Elsdun  F 

Elsdun  F 

Elsdun  F 

Jurassic 

Mangarewa  F 

Mangarewa  F 

Mangarewa  broken  F 

Mangarewa  F 

Wairaki  Downs  Group 

Letham  F 

Letham  F 

Takitimu  Group 

Takitimu  Group 

Caravan  F 

Caravan  F 

Elbow  F 

Elbow  Creek  F 

Old  Wairaki  Hut  F 

Takitimu  Group 
(continues  down) 

Table  1.  Summary 

of  stratigraphic 

names  applied  to  Permian 

and  Jurassic  in  Wairaki 

Downs.  F=Formation; 

M= Member. 


A  revised  interpretation  of  Wairaki  Downs 

My  own  work  on  Wairaki  Downs  has  been 
proceeding  for  several  decades.  The  prime  need 
lies  in  adequate  mapping,  so  far  not  provided  by 
any  previous  publication,  and  this  has  been  con¬ 
ducted  from  a  base  of  a  greatly  enlarged  aerial 
photograph  (1:6800).  For  all  its  distortion,  it 
provides  a  far  better  base  than  was  available  from 
the  1:63  360  map  used  by  Mutch  (1972)  and 
Force  (1975)  or  the  1:50000  map  and  small- 
scale  aerial  photos  used  by  others.  The  resurveyed 
area  map  used  by  Landis  is  yet  to  be  published. 
My  map  is  reduced  and  greatly  simplified  for 
reproduction  in  this  article  (Fig.  1). 

SUMMARY  OF  THE 
STRATIGRAPHIC  SEQUENCE 

Upper  Takitimu  Group 

Old  Wairaki  Hut  Formation  (new).  Named  from 
the  old  Wairaki  Hut  that  used  to  lie  beside  the 


Wairaki  River,  the  formation  includes  the  lower 
part  of  the  Elbow  Formation  of  Houghton  (198l)> 
and  lower  part  of  an  undefined  Caravan  Formation 
of  Landis  (1987).  The  type  section  extends  along 
the  Wairaki  River  below  the  junction  with  Elbow 
Creek  to  the  top  of  the  underlying  MacLcan  Peaks 
Formation,  approximately  as  indicated  by  Houghton 
(1981),  and  beds  are  approximately  660  m  thick- 
The  Old  Wairaki  Hut  Formation  is  characterised 
by  volcaniclastic  sediment  derived  from  andesitic 
to  basalt  rocks,  and  contains  black  shales  and 
prominent  red  argillites,  with  conglomerate  and 
basalt  flows.  Beds  like  those  typical  of  the 
formation  are  also  found  to  the  east  within  the 
Coral  Bluff  Tectonic  Assemblage,  regarded  as  pad 
of  the  Productus  Creek  Group  by  previous  authors- 

Elbow  Creek  Formation  (new).  Named  from 
Elbow  Creek,  with  type  section  along  the  lower 
reaches  of  Elbow  Creek  at  and  above  its  junction 
with  the  Wairaki  River,  the  formation  is  typified 
by  well  bedded,  mostly  well  sorted,  fine  and  coarse 


Fig.  1.  Permian  and  Mesozoic  geology,  much  simplified,  for  Wairaki  Downs,  southern  New  Zealand.  General  area 
167°57'E,45°47'S — shown  in  New  Zealand  Topographical  Map  1:50000  NZMS  260  Sheet  D  44  (1986).  Inset  at 
top  right  shows  South  Island,  New  Zealand,  with  arrow  pointing  to  Wairaki  Downs.  Formations:  E,  Elsdun  (Jurassic)- 
G,  Glendale  (late  Wuchiapingian):  H,  Coral  Bluff  Tectonic  Assemblage,  with  Hilton  (early  Changhsingian)  :llU 
?01d  Wairaki  Hut  (late  Cisuralian);  K,  Wairaki  Breccia-Conglomerate  (late  Changhsingian);  L,  Lctham  (Kungurian)- 
M,  Mangarewa  (Guadalupian);  O,  Old  Wairaki  Hut  (late  Cisuralian);  R,  Elbow  Creek  (early  Kungurian);  V,  Caravan 
(early  Kungurian);  W,  Weetwood  (?Cretaceous).  Geographic  features:  b,  Letham  Bum;  c.  Elbow  Creek;  p,  Productus 
Creek;  r,  track  from  Beaumont  Station  to  (now  destroyed)  Barrett's  Hut;  w,  Wairaki  River,  1-3  major  east  tributaries 
of  Letham  Burn.  Map  base  prepared  from  Aerial  photograph  no.  5215  (1978) — position  of  tracks  has  since  changed 
a  little. 
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volcarenites,  with  little  mudstone  or  red  beds,  and 
minor  volcanic  layers,  including  basalt  and 
ankaramite.  Thickness  exceeds  200  m.  It  is  part 
of  the  former  Elbow  Formation  of  Houghton  (1981) 
and  Caravan  Formation  of  Landis.  The  lower 
boundary  appears  to  coincide  with  a  recently  active 
fault,  next  to  which  beds  contain  a  Triassic  fossil 
(Aslund  1989). 

Wairaki  Downs  Group  (new) 

The  Wairaki  Downs  Group,  named  from  Wairaki 
Downs,  involves  the  restricted,  here  formalised 
Caravan  Formation,  plus  Letham  and  Mangarewa 
Formations.  It  is  of  late  Cisuralian  and  Guadalupian 
age,  predominantly  volcaniclastic,  with  little  in  the 
way  of  igneous  flows  or  intrusions.  Each  formation 
is  of  very  limited  extent,  and  the  group  represents 
fill  of  a  local  depression. 

Caravan  Formation.  This  formation  was  named 
by  Landis  (1987)  from  a  stream  he  called  ‘Caravan 
Creek’.  It  involves  some  500  m  of  coarse  volcanic 
rudites  and  arenites  formed  as  channel-fill  deposits, 
possibly  laharic  in  origin  (Waterhouse  &  Flood 
1981).  The  type  section  is  just  south  of  the  last 
major  east  tributary  of  Letham  Bum,  with  a 
valuable  supplementary  section  along  Productus 
Creek.  The  name  is  used  pending  full  ratification 
by  Prof.  Landis. 

Letham  Formation.  The  Letham  Formation  of 
Mutch  (1972)  maps  out  as  a  valid  unit,  not  a 
‘broken  formation’  or  melange.  Three  major  units 
are  present,  each  made  up  of  basal  volcaniclastic 
conglomerate,  followed  by  volcaniclastic  sand¬ 
stones  and  then  shales,  and  impure  carbonate, 
totalling  128  m  thick  in  the  type  section.  Sediment 
was  derived  from  the  south  overall,  judged  from 
thickness  and  nature  of  the  units.  There  are 
numerous  fossil  localities. 

Mangarewa  Formation.  The  Mangarewa  For¬ 
mation  of  Mutch  (1972)  is  a  valid  unit,  with  four 
major  units  including  minor  limestones  and 
numerous  fossil  localities.  The  units  total  108  m 
thick  in  the  type  section.  Claims  that  it  is  melange 
(Landis  1987)  or  indistinguishable  from  the  Letham 
Formation  were  not  based  on  detailed  mapping, 
as  allowed  by  Landis,  and  careful  mapping  shows 
that  the  claim  is  mistaken.  A  substantial  low-angle 
thrust  in  the  lower  beds,  not  previously  detected, 
has  removed  beds  and  zones.  Judged  from  the 
presence  and  coarsening  of  clastic  units,  distribution 
of  shelly  bands,  and  incoming  of  carbonate  and 
argillite,  the  beds  were  derived  from  the  north,  in 


contrast  to  the  Letham  beds,  which  were  sourced 
from  the  south. 

Maitai  Supergroup 

The  Maitai  Supergroup  is  developed  in  east  Nelson 
and  both  limbs  of  the  Southland  Synclinorium, 
including  Wairaki  Downs.  Limestones  are 
particularly  thick  in  the  Wooded  Peak  Group 
(Waterhouse  1987b)  at  the  base  of  the  Maitai  in 
east  Nelson,  and  comparable  limestone  is  younger 
in  Wairaki  Downs. 

Glendale  Formation.  This  formation  was  origin¬ 
ally  treated  as  a  member  of  the  Elsdun  Formation 
by  Mutch  (1972),  but  was  treated  acceptably  as  a 
separate  ‘Glendale  Limestone’  by  Landis  (1987), 
and  this  usage  is  followed.  Significant  new  fossil 
finds  by  the  writer  show  the  fauna  belongs  to  the 
Plekonella  multicostata  Zone  of  Waterhouse  (1973, 
1982). 

Coral  Bluff  Tectonic  Assemblage  (new) 

Named  from  Coral  Bluff,  the  Coral  Bluff 
assemblage  is  applied  to  parts  of  what  Mutch 
(1972)  called  Hawtel  Formation,  and  what  Landis 
(1987)  variously  called  Letham  Shear  Zone, 
Letham  Fault  Zone  and  Letham  Ridge  Fault  Zone 
(Table  1).  Mutch  (1972)  incorporated  Jurassic 
in  his  formation,  and  Landis  included  Wairaki 
Breccia-Conglomerate,  as  well  as  Jurassic  and  some 
Glendale  beds.  These  are  excluded  from  the  new 
unit.  There  are  three  component  parts  to  the 
assemblage.  Red  argillites  and  coarse  volcaniclastic 
sandstone  look  indistinguishable  from  Old  Wairaki 
Hut  Formation.  As  well,  these  beds  form  burrowed 
and  meagrely  fossiliferous  substrate  for  overlying 
carbonates  and  coral-bryozoan  bioherms.  The 
carbonates  including  bioherms  are  discriminated  as 
the  Hilton  Limestone  Formation,  upgraded  from 
the  Hilton  Member  of  Mutch  (1972).  The  type 
section  is  transferred  to  Coral  Bluff,  from  the  track 
to  the  top  of  the  first  (westernmost)  bluff.  The 
assemblage  contains  what  appears  to  be  bands  of 
Old  Wairaki  Hut  and  Hilton  Limestone,  probably 
replicated  at  least  three  times  within  the  assemblage 
by  folding  and  thrusting.  Campbell  (1990:  text- 
fig.  7)  showed  the  Hilton  Limestone  as  a  string 
of  aligned  discrete  lenses  at  the  top  of  a  merged 
Hawtel-Jurassic  unit,  but  this  is  disproved  by 
detailed  mapping.  Two  further  significant  changes 
from  the  Mutch-Force-Campbell  model  may 
be  noted.  Firstly,  Landis  (1987)  correctly,  ^ 
tentatively,  proposed  that  the  limestones  of  Coral 
Bluff  might  be  the  same  as  Mutch’s  Hilton  Member, 
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marking  a  major  improvement  to  understanding. 
Secondly,  a  major  fossil  find  at  Coral  Bluff  by 
the  writer  enables  the  formation  to  be  dated  for 
the  first  date — as  shown  subsequently,  it  is  early 
Changhsingian  (Late  Permian). 


intrusion,  although  I  quoted  Mutch's  later  view 
that  it  might  be  a  tuff.  Landis  mistakenly  wrote 
that  I  had  argued  it  was  part  of  the  Permian 
succession. 


Wairaki  Breccia-Conglomerate, 

?basal  Murihiku  Supergroup 

The  Wairaki  Breccia  was  proposed  by  Mutch  (1972, 
ln  Waterhouse  1964),  and  although  discounted  by 
Landis  (1987),  forms  a  mappable  unit  with  three 
distinctive  members,  involving  red-  and  green- 
decked  breccia,  conglomerate  of  fine  well  rounded 
c,asts,  and  upper  pebbly  coarse  arcnitcs.  It  was 
shown  as  a  grossly  over-simplified  unit  by 
Campbell  (1990:  text-fig.  7).  The  formation  appears 
to  belong  with  overlying  Triassic  beds  as  part  of 
lhe  Murihiku  Terrane,  and  its  beds  are  not  strongly 
deformed. 


Jure 


'assic 


Elsdun  Formation.  The  Jurassic  that  was  dis¬ 
covered  by  Landis  and  colleagues  is  here  referred 
to  the  Elsdun  Formation,  modified  from  Mutch 
'*972),  and  restricted  to  Jurassic  clastic  beds.  These 
Vary  considerably  in  thickness  because  of  tectonic 
elision  and  sliding,  and  appear  to  reach  a  thickness 
°f  300  m.  The  emended  type  section  is  shifted  to 
me  upper  middle  reaches  of  Elbow  Creek,  with 
SuPplementary  section  in  the  upper  south  branch 
of  the  second  last  major  tributary  of  Letham  Bum. 
Although  the  Stratigraphic  Guide  recommends  the 
choice  of  new  names  where  interpretations  are 
changed,  names  are  at  a  premium,  and  here  the 
Llsdun  is  applied.  Landis  (1987)  applied  the  name 
Jarretts  Conglomerate,  but  this  name  has  already 
een  in  use  as  a  Permian  stage  name  since 
Waterhouse  (1969),  and  it  would  be  folly  to  apply 
a  Permian  name  to  Jurassic  beds,  for  that  would 
undo  what  Landis  has  achieved  in  unravelling  the 
confusion  in  Mutch  (1972)  and  Force  (1975).  The 
■stribution  of  the  Jurassic  Elsdun  shown  by  Landis 
f  1 987)  must  be  substantially  emended,  as  it  occurs 
m  Several  thrust  slices  and  flakes,  not  as  one  mass. 


Weetwood  Formation.  This  formation  is  an 
'gneous  intrusion  along  a  thrust  between 
Mangarewa  and  Glendale  Formations,  and  likely 
0  he  of  late  Jurassic  or  Cretaceous  age.  Its  author 
P  A.  R.  Mutch  (in  Waterhouse  1969).  although 
°rce  (1975)  wished  to  claim  authorship  for  her- 
jjelf.  When  A.  R.  Mutch  and  1  discovered  the 
ontiation  (c.  1958),  I  argued  that  it  was  an 


SUMMARY  OF  STRUCTURE 

The  simplistic  view  of  straightforward  east 
dipping,  eastward  younging  sequence  in  Mutch 
(1972)  and  Force  (1975)  is  modified  by  the 
insertion  of  a  Jurassic  band,  as  in  Landis  (1987) 
and  Campbell  (1990).  Landis  (1987)  further  showed 
the  Mangarewa-Letham  Formation  and  the  Hilton- 
Wairaki  beds  to  be  fault-bounded,  the  latter 
portrayed  as  moving  upwards  to  the  west.  This 
model  is  not  supported  by  detailed  mapping. 
Major  changes  from  the  Landis  model  involve 
these  facets: 

1.  The  Caravan  Formation  is  of  restricted 
distribution  within  a  large  channel  less  than 
10  km  long,  and  is  followed  subconformably 
and  partly  grades  laterally  northward  into 
Letham  Formation.  Faulted  boundaries  between 
the  two  are  minor.  Fossil  localities  are  in 
stratigraphic  order,  and  there  is  no  melange. 

2.  The  Mangarewa  Formation  is  separate  from 
Letham,  and  is  more  restricted  than  shown  by 
Landis  (1987).  It  is  not  demonstrably  disrupted 
by  oblique  NNE  faults.  Fossil  localities  are 
in  stratigraphic  order.  A  substantial  low-angle 
thrust,  missed  by  previous  workers,  is  present 
within  the  lower  formation. 

3.  The  Glendale  is  somewhat  as  shown  in  early 
maps,  but  additional  strips  of  Glendale 
Formation  to  the  east  and  west  have  been  over¬ 
looked  by  Landis  and  colleagues,  and  generally 
confused  with  Mangarewa  Formation  and  with 
Elsdun  (‘Barretts’)  Formation. 

4.  The  so-called  Letham  Shear  Zone  of  Landis 
(1987)  is  now  reduced  to  Coral  Bluff  Tectonic 
Assemblage  and  involves  Takitimu  Group 
rocks,  not  realised  hitherto.  The  Coral  Bluff 
Assemblage  has  moved  eastwards,  not  west¬ 
wards. 

5.  The  Elsdun  Formation,  of  Jurassic  age,  is  not 
restricted  to  one  band,  as  shown  by  Landis 
(1987)  and  Campbell  (1990).  It  forms  four 
strips,  from  west  to  east — El  channelled 
unconformably  into  Mangarewa  Formation;  E2 
thrust-bound  within  Glendale  Formation;  E3,  the 
only  band  recognised  by  Landis  (1987),  lying 
unconformably  on  Glendale  Limestone;  and  E4, 
lying  unconformably,  but  mostly  faulted  against 
Glendale,  and  overthrust  by  Coral  Bluff  Tectonic 
Assemblage. 
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The  predominant  structural  feature  of  the  Wairaki 
Downs  geology  is  the  presence  of  several  low- 
angle  thrusts,  not  previously  recognised  (Fig.  1). 
These  are  shown  clearly  on  the  accompanying 
map.  Thin  sheets  of  fossiliferous  rock  have  moved 
over  the  thrusts  without  substantially  changing  the 
stratigraphic  order,  except  at  the  north  end  of  the 
area,  where  Coral  Bluff  Tectonic  Assemblage  has 
been  placed  ‘below’  the  older  Glendale  Formation. 
The  speculative  alarms  raised  by  Campbell  et  al. 
(1995)  on  stratigraphic  order  and  faunal  succession, 
and  the  allegation  that  the  Letham-Mangarewa  are 
possibly  melange  (Landis  1987)  prove  unfounded. 
A  summary  of  the  major  tectonic  terranes,  repre¬ 
sented  by  sheet-like  thrust-blocks,  is  as  follows 
from  west  to  east,  within  the  mapped  area. 

1.  Volcanics  and  elastics  of  the  Brook  Street 
Terrane,  made  up  of  Takitimu  and  Wairaki 
Downs  Groups,  containing  one  major  thrust, 
and  overlain  unconformably  by  Jurassic  Elsdun 
conglomerate.  Possibly  in  situ. 

2.  Glendale  Limestone,  derived  from  Maitai 
Terrane,  thrust  over  Elsdun  conglomerate, 
containing  at  least  one  thrust  pod  of  Elsdun 
conglomerate,  and  overlain  unconformably  by 
Elsdun  Formation.  This  packet  is  overthrust  by 
a  second  packet  of  Glendale  and  Elsdun  rock. 

3.  The  Coral  Bluff  Tectonic  Assemblage  is  thrust 
eastwards  over  Elsdun-Glendale,  and  is  also 
thrust  or  downfaulted  to  the  north  partly  against 
Letham  Formation  at  Coral  Bluff.  It  appears 
to  have  been  derived  from  the  west,  because 
more  than  half  of  the  rocks  are  upper  Takitimu 
Group,  overlain  disconformably  by  Late  Permian 
carbonate  with  bioherms  (Hilton  Limestone 
Formation).  This  assemblage  is  made  up  of 
several  thin  tectonic  slices  or  flakes. 

5.  The  Wairaki  Breccia-Conglomerate  to  the  east 
is  believed  to  lie  in  thrust  contact  with  the 
Coral  Bluff  Tectonic  Assemblage,  and  may 
have  formed  a  flake  at  the  sole  of  the  over- 
lying  Murihiku  Terrane.  The  Murihiku  Terrane 
has  been  emplaced  from  an  entirely  separate 
basin,  distinguished  by  having  a  component  of 
Proterozoic  crust,  and  emplaced  either  by  strike- 
slip  faulting  (Pauli  et  al.  1996)  or  by  thrusting 
(Waterhouse  1993).  Aslund  (1989)  suggested 
derivation  from  the  east. 


BIOSTRATIGRAPHIC  SUCCESSION 
OF  BIOZONES 

A  number  of  faunas  and  biozones  are  recognised 
for  the  Wairaki  Downs  succession.  These  are  up¬ 


dated,  but  not  substantially  altered  from  Waterhouse 
(1982)  except  where  indicated,  and  include 
number  of  additional  species  and  genera. 

Attenuatella  (or  Biconvexiella)  beds 

This  brachiopod  is  found  in  the  Elbow  Creek 
Formation  as  part  of  a  zone  previously  ascribed 
to  Baigendzinian — Artinskian — but  now  Kungurian 
if  the  boundary  of  that  stage  is  to  be  lowered  bv 
incorporating  at  least  upper  Saranin  beds  of  Russia 
(Jin  1996). 

Megousia  solita  and  Spiriferella  supplanta  faunas 

These  are  small  faunas,  the  first  from  the  Caravan 
Formation,  the  other  from  beds  near  the  base  of 
the  Letham  Formation  (Briggs  &  Campbell  1 993- 
Waterhouse  1982). 

Echinatosia  discinia  Zone 

Well  developed  and  containing  a  number  of 
additional  species  shared  with  east  Australia,  this 
zone  is  found  in  the  middle  and  topmost  units 
of  the  Letham  Formation.  It  was  partly  described 
as  a  Lethamia  ligurritus  fauna  by  Waterhouse 
(1982:  92). 

Echinalosia  maxwelli  Zone 

Most  species  of  this  zone  have  been  described. 
The  zone  occurs  in  the  basal  unit  of  the  Mangarewa 
Formation.  It  was  wrongly  shown  as  occurring 
below  the  Spiriferella  supplanta  fauna  by  Mutch 
(1972),  and  on  this  basis  Briggs  (1991)  incorrectly 
reversed  the  order  of  discinia  and  maxwelli,  to 
severely  compromise  his  zonations  and  correlations 
both  for  New  Zealand  and  eastern  Australia.  Zonal 
distribution  has  been  affected  by  the  Mangarewa 
thrust  fault. 

Magniplicatina  magniplica  lens 

Mangarewa  unit  2  contains  a  fauna  with  possible 
Wyndhamia  blakei,  Magniplicatina  magniplica  and 
Terrakea  exmoorensis  not  found  elsewhere  in  the 
succession.  The  unit  apparently  has  been  reduced 
by  the  thrust  fault  in  the  lower  Mangarewa 
Formation. 

Echinalosia  ovalis  Zone 

This  is  a  richly  fossiliferous  zone  well  developed 
in  the  third  and  fourth  Mangarewa  units,  with  a 
number  of  additional  species.  Paucispinauria  solida 
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(gtheridge  &  Dun)  occurs  in  this  zone,  together 
vVjth  a  new  widespread  species  of  Aperispirifer. 

Terrakea  elongata  Zone 

•ppe  Terrakea  elongata  Zone  is  extensively  fossil- 
jferous  in  the  topmost  Mangarewa  unit,  and  is  also 
represented  by  the  fauna  of  the  Flowers  Formation 
;n  west  Nelson.  T.  elongata  (Etheridge  &  Dun)  is 
a  name  change  from  T.  brachythaera  (Morris).  The 
former  name  is  secure,  the  latter  still  open  to 
revision,  but  seems  to  involve  a  smaller  species 
wjth  finer  ear  spines  and  more  vaulted  visceral 
disc- 

plekonella  multicostata  Zone 

This  zone  is  recognised  for  the  first  time  in 
Wairaki  Downs  from  new  collections  and  revised 
earlier  collections  in  the  lower  Glendale  Formation. 
Terrakea  verecunda  from  the  top  of  the  formation 
belongs  to  the  same  zone  (Waterhouse  1982).  The 
zone  is  well  represented  by  fossiliferous  outcrops 
in  the  upper  Arthurton  Group  of  south  Otago, 
within  the  Maitai  terrane. 

Spinomartinia  spinosa  Zone 

A  large  new  collection  from  the  Hilton  Limestone 
Formation  in  its  type  area  of  Coral  Bluff  con¬ 
tains  species  of  the  spinosa  Zone.  This  is  well 
represented  16  km  south  of  Coral  Bluff  at  Wether 
Hill  Station,  and  further  afield  in  the  regional 
synclinorium  at  Mataura  Island,  and  in  the  upper 
Arthurton  Group  near  Clinton.  The  zone  is  found 
in  both  Maitai  and  Brook  Street  terranes. 

Wairakiella  roslrata  Zone 

This  zone  is  found  in  the  Wairaki  Breccia-Con¬ 
glomerate  Formation,  as  summarised  by  Waterhouse 
(1982:  105)  and  Campbell  (1990). 

The  Martiniopsis  woodi  and  Marginalosia  planata 
biozones  found  elsewhere  in  New  Zealand  are 
missing  from  the  Wairaki  Downs  sequence. 

INTERNATIONAL  CORRELATIONS 
AND  THE  WORLD  STANDARD 

The  world  standard  as  adopted  by  the  Suh- 
commission  on  Permian  Stratigraphy  (Jin  1996; 
Jin  &  Menning  1996;  Spinosa  1996)  may  be 
tentatively  applied  to  New  Zealand,  with  relevance 
to  Australia,  which  shares  a  number  of  the  bio¬ 
zones.  The  strength  of  the  new  scheme  is  that  it 


is  now  based  on  fully  marine  sequences  that 
constitute  the  best  known  sequences  in  the  world. 
The  subcommission  has  placed  principal  stress 
on  conodonts,  which  are  too  rare  in  New  Zealand 
and  Australia  to  offer  any  realistic  prospect  of 
direct  correlation  with  the  world  stratotypes.  But 
the  first  draft  of  the  international  scheme  was  drawn 
up  on  the  basis  of  brachiopods  (Waterhouse  1983b), 
which  are  abundant  throughout  the  Australian  and 
New  Zealand  Permian.  Event  stratigraphy  and 
biostratigraphy  also  offer  prospects  for  correlation 
(Waterhouse  1976a),  including  climatic  change 
through  a  shared  common  trend  in  faunas  towards 
cold  or  warm  affinities.  The  following  account 
briefly  summarises  correlation  based  on  the  new 
Permian  classification  and  evaluation  of  substantial 
new  faunas  from  Wairaki  Downs,  now  under  study. 

CORRELATIONS  FOR  WAIRAKI  DOWNS 
(Table  2) 

Upper  Cisuralian  Series 

Kungurian  Stage.  Briggs  &  Campbell  (1993) 
indicated  correlation  of  the  Megousia  solita  faunule 
with  Elderslie  beds  in  the  Sydney  Basin,  and  it 
may  be  regarded  as  approximately  Kungurian. 
An  Elderslie  am  monoid  Aricoceras  meridionalis 
(Teichert  &  Fletcher)  was  regarded  as  post- 
Sarginian  by  Leonova  &  Bogoslovskaya  (1990), 


Series 

International  stage 

New  Zealand  Zone 

Lopingian 

Changhsingian 

rostrata 

planata 

spinosa 

Wuchiapingian 

multispinosa 

woodi 

Guadalupian 

Capitanian 

elongata 

ovalis 

Wordian 

-blakeil  f 
nuixwelli 

Roadian 

discinia 

Upper 

Kungurian 

supplanta  f 

Cisuralian 

Terrakea  f 
Diconvexiella  f 

Artinskian 

Echinalosia  sp. 
Wyndhamia  sp. 
plica 

Table  2.  Correlations  of  New  Zealand  Permian  brachi- 
opod  zones  with  International  Standard  for  Permian 
stages,  f  indicates  one  fauna  only. 
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pointing  to  Kungurian.  The  overlying  Spiriferella 
supplanta  fauna  in  Wairaki  Downs  is  slightly 
younger,  perhaps  upper  Kungurian  (Nevolin  or 
Irenian),  with  several  brachiopod  species  demon¬ 
strating  ties  to  the  Tomiopsis  undulosus  Zone  of 
east  Australia. 

Guadalupian  Series 

Roadian  Stage.  The  overlying  Echinalosia  discinia 
Zone  of  New  Zealand  is  close  to  the  preceding 
faunas,  and  is  putatively  matched  with  the  Roadian 
Stage,  a  unit  currently  based  on  only  one  faunal 
zone.  The  discinia  Zone  is  well  represented  in 
the  Brae  Formation  of  southeast  Bowen  Basin 
(Waterhouse  1987a),  and  apparently  in  the  Belford 
Formation  of  the  north  Sydney  Basin,  judged  from 
E.  discinia  (see  Briggs  1991)  and  Tomiopsis 
subplicatus  (Waterhouse) -belfordensis  (McClung). 

Wordian  Stage.  Three  major  macrofaunal  assem¬ 
blages  are  developed  in  the  Wordian  of  the  Glass 
Mountains,  Texas,  from  members  named  China 
Tank,  Willis  Ranch  and  Appel  Ranch  (Cooper  & 
Grant  1972).  In  the  Bowen  Basin,  Queensland,  and 
New  Zealand  there  are  three  allied  and  successive 
biozones  that  can  be  tentatively  matched  with  the 
three  in  the  Glass  Mountains,  and  also  with  the 
comparable  three  in  Russian  Platform  and  Urals — 
upper  Ufimian,  Kalinovian  and  Sosnovian.  The 
three  successive  Queensland  and  New  Zealand 
faunas  are  the  Echinalosia  maxwelli,  Wyndhamia 
blakei  and  Echinalosia  ovalis  zones  (Parfrey 
1988;  Waterhouse  1987a;  Waterhouse  &  Jell  1983). 
The  blakei  Zone  is  poorly  represented  in  New 
Zealand,  by  the  magniplica  lens.  The  Ingelara 
Formation  with  blakei  (- ingelarensis )  has  yielded 
a  foraminiferal  assemblage  identical  to  Pseudo- 
nodosaria  borealis  Zone  of  the  Russian  Kazanian 
(Palmieri  et  al.  1994).  The  shell  banks  rich  in 
Echinalosia  maxwelli  may  provide  some  support 
for  a  fall  in  sea-level,  emphasised  as  marked  for 
the  Ufimian  Stage  in  Russia  (Jin  &  Menning  1996). 

Capitanian  Stage.  On  the  basis  of  conodont 
studies,  there  are  suggestions  that  the  uppermost 
Wordian  zone  should  be  transferred  to  Capitanian 
(Dr  M.  Menning,  pers.  comm.),  and  that  is  approx¬ 
imately  when  the  Illawarra  Reversal  ended.  The 
Illawarra  Reversal  is  found  in  the  uppermost 
Maokou  of  China,  lower  Tatarian  of  Russia  (Jin 
&  Menning  1996),  and  in  the  north  Sydney 
Basin,  either  in  the  Wittingham  or  Tomago  Coal 
Measures  or  perhaps  as  low  as  Mulbring  Formation. 
This  means  that  the  Echinalosia  ovalis  Zone 
becomes  Capitanian.  Above  the  ovalis  Zone,  the 
overlying  Terrakea  elongata  Zone  of  New  Zea¬ 
land,  and  in  east  Australia,  correlative  Wyndhamia 


clarkei,  M.  pelicanensis  and  Martiniopsis  havilensit 
faunas  (Dear  1972)  of  the  north  Bowen  Basin  and 
possibly  Kulnurra  marine  tongue  in  the  Tomago 
Coal  Measures  of  the  Sydney  Basin  (Diekins  1989) 
are  here  referred  to  Capitanian. 

Lopingian  Series 

Wuchiapingian  Stage.  It  has  been  a  long  campaign 
to  achieve  recognition  of  the  high  value  of  the 
Chinese  Permian  (Zhao  1966;  Waterhouse  1966' 
86,  1969),  and  the  choice  of  China  for  world 
stratotype  marks  an  outstanding  advance.  There 
are  very  rich  and  diverse  faunas  there,  but  full 
understanding  is  yet  to  be  achieved.  For  the  early 
Late  Permian,  fusuline,  brachiopod  and  possiblv 
ammonoid  studies  indicate  that  there  are  substantial 
faunas  involved  in  Midian.  Laibinian  and  Djulfian 
divisions  amongst  fusulines  (Leven  1 993)  ancj 
Punjabian-Djulfian  amongst  brachiopods  (Water- 
house  1976a),  to  use  old  names.  There  are  no  clear 
links  between  New  Zealand  and  palaeotropical 
China  or  southeast  Asia,  but  there  are  more 
apparent  ties  between  New  Zealand  and  Western 
Australia,  Timor,  Salt  Range  and  Himalayas.  In  the 
classic  Salt  Range  Permian  the  Wargal  Formation 
containing  diverse  faunas  in  the  Kalabagh  Member 
at  the  top  is  overlain  by  the  Chhidru  Formation 
Faunally  the  Chhidni  was  subdivided  by  Waagen 
(1891)  into  the  major  Kufri  (=Ghund  Ghat)  Member 
with  characteristic  brachiopods,  the  Ganjaroh 
Member  with  Waagen’s  ‘bivalve  fauna’  and  top¬ 
most  white  sands  (Khisor  Member)  with  sparse 
brachiopods  (Waterhouse  1983b).  Wuchiapingian 
conodonts  are  found  in  Wargal,  Kalabagh  and 
lower-middle  Chhidru,  and  Changhsingian  cono¬ 
donts  in  the  uppermost  Chhidru,  or  ‘white  sand’ 
Khisor  Member  (Wardlaw  1997).  Grant  (1970) 
could  not  distinguish  the  three  faunal  levels,  but 
was  dismissive  of  the  upper  brachiopods,  and 
seems  to  have  overlooked  the  Waagen  work  on 
the  bivalves.  Grant’s  conclusions  must  be  set  aside. 
Grant  &  Cooper  (1973:  fig.  4)  even  assigned  the 
Zcwan  ‘Series’  of  Kashmir,  which  has  Cvclolobus 
and  a  number  of  Chhidru  species,  and  Illawarra 
Reversal  to  the  Roadian-Artinskian.  Instead,  the 
Waagen  analysis  is  substantially  buttressed  from 
faunas  in  the  Himalaya,  especially  Nepal,  where 
Kufri-equivalent  faunas  of  the  widespread  Lamni- 
margus  himalayensis  Zone  are  followed  locally 
by  the  ‘bivalve  fauna’  (Popa  Member  of  Dolpo, 
Pyramus  silicius  Zone)  and  substantial  Khisor 
faunas  in  the  Pija  Formation  ( Krotovia  arcuata 
Zone)  of  Dolpo  and  Manang  (Waterhouse  1978 
1983a). 

The  best  faunas  at  these  levels  in  New  Zealand 
occur  in  Arthurton  Group  of  south  Otago,  with 
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three  zones  in  sequence,  named  after  Martiniopsis 
yvoodi ,  Plekonella  rnulticosiata  and  Spinomartinia 
spinosa  zones.  Only  the  latter  two  mentioned  are 
present  at  Wairaki  Downs.  Cawood  (1987)  claimed 
these  zones  were  redeposited  and  of  no  value, 
within  beds  mapped  as  the  Grcville  Formation. 
Like  Ongley  (1937)  he  interpreted  the  sequence  as 
a  simple  southward  younging  succession,  and  did 
not  mention  numerous  younging  directions  and  fold 
axes  demonstrated  for  the  area  by  Bishop  (1965), 
Wood  (1956)  and  Waterhouse  (1976b). 

The  Martiniopsis  woodi  Zone  shares  strong 
specific  affinities  with  the  lower  to  middle  Chhidru 
or  Kufri  fauna  of  the  Salt  Range,  and  like  that 
fauna  shows  warm-water  attributes.  That  strongly 
implies  that  Kalabagh  and  Wargal  faunal  levels 
of  early  Wuchiapingian  age  (Jin  1996)  are  not 
represented  in  New  Zealand.  There  are  also 
ties  between  the  woodi  Zone  of  New  Zealand 
and  the  Amarassian  fauna  of  Timor,  and  the 
Waagenoconcha  imperfecta  Zone  of  the  Cherrabun 
Member  in  the  Canning  Basin  of  Western  Australia 
(Archbold  1993).  The  ammonoid  Cyclolobus  is 
found  in  these  Cherrabun  and  Amarassi  levels,  and 
also  in  the  Kufri  fauna  of  the  Salt  Range. 

The  overlying  Plekonella  multicostata  Zone  is 
matched  with  upper  Wuchiapingian  Stage,  from 
superposition  and  overall  cold-water  affinities, 
apparently  correlative  with  reputed  tillitc  of  the 
Gijigin  horizon  in  Kolyma-Omolon  of  northeast 
Siberia.  The  New  Zealand  fauna  is  matched  with 
the  Pyramus  silicius  Zone  of  Nepal  and  Waagen’s 
bivalve  fauna  in  the  Ganjaroh  Member  of  the  Salt 
Range. 

Changhsingian  Stage.  Three  conodont  zones  typify 
the  Changhsingian  of  China  (Kozur  1997),  and 
Shen  &  He  (1994)  and  Shen  et  al.  (1995)  have 
discussed  a  succession  of  three  substantial 
brachiopod  faunas.  There  are  three  major  possibly 
matching  brachiopod  zones  in  both  the  Himalayas 
and  New  Zealand.  The  Khisor  Member  or  white 
sand  unit  which  contains  Changhsingian  conodonts 
as  well  as  brachiopods  in  the  Salt  Range  is  matched 
faunally  with  the  much  richer  Krotovia  arcuata 
Zone  of  the  Pija  Member,  found  in  west  and 
central  Nepal  (Waterhouse  1983a),  and  containing 
lower  Changhsingian  and  some  late  Wuchiapingian 
brachiopod  links.  This  level  appears  to  be 
represented  in  New  Zealand  (and  New  Caledonia 
and  possibly  southeast  Queensland)  by  the 
Spinomartinia  spinosa  Zone,  with  moderately  rich 
faunas.  One  bivalve  common  in  the  spinosa  Zone 
is  Trabeculatia ,  found  in  the  Late  Permian  Hivach 
and  Delcnjin  faunas  of  Siberia  (Astafieva  1993), 
above  the  Gijigin  horizon.  The  distinctive 
Changhsingian  Strophalosiid  Marginalosia  is  found 


in  the  uppermost  spinosa  Zone,  and  in  the  Hivach 
Formation.  Trabeculatia  is  widespread  in  sand¬ 
stone  widely  mapped — possibly  mismapped — as 
Little  Ben  Sandstone,  above  Maitaia  trechmanni  in 
the  Tramway  Formation.  The  Little  Ben  Sandstone 
in  its  type  section  has  yielded  low  C13  ratios 
indicative  of  basal  Triassic  (Gangetian  Otoceras 
level)  according  to  Campbell  (1996).  That  certainly 
seems  a  direct  challenge  to  the  present  scheme. 
It  may  be  theoretically  possible  to  have  Permian- 
lype  faunas  surviving  into  lower  Triassic,  because 
it  has  been  argued  that  southerly  faunas  survived 
the  Permian-Triassic  life  crisis  (Waterhouse  1997). 
But  there  are  possibilities  also  of  miscorrelation. 
The  middle  of  the  type  Greville  Subgroup  has  a 
massive  sandstone  called  the  Washley  Formation 
at  D’Urville  Island  (Waterhouse  1987b),  and 
possibly  this  is  the  same  as  type  Little  Ben 
Sandstone.  More  fundamentally,  it  has  been  demon¬ 
strated  by  Foster  et  al.  (1997)  that  carbon  isotope 
ratios  are  strongly  affected  by  the  nature  and 
presence  of  plant  material,  a  matter  apparently  not 
yet  evaluated  for  the  Little  Ben  samples. 

The  middle  Changhsingian  of  Nepal  is  repre¬ 
sented  by  the  Marginalosia  kalikotei  Zone  with 
three  subzones.  An  allied  species  of  Marginalosia 
characterises  the  planata  Zone  of  the  Pig  Valley 
limestone  lenses  in  the  lower  Te  Mokai  Group  of 
east  Nelson,  and  further  Changhsingian  links  are 
shown  by  distinctive  species  of  Spiriferella  and 
Peruvispira.  The  limestones  have  slid  downslope 
from  the  Brook  Street  Terrane  to  the  west  (as 
shown  at  Wairaki  Downs)  to  be  mixed  with  an 
array  of  Scythian  ammonoids  and  even  Anisian 
gastropod  Mellarium  mutchi  (Waterhouse  1993). 

The  Wairakiella  roslrala  Zone  of  the  Wairaki 
Breccia-Conglomerate  Formation  beds  in  Wairaki 
Downs  is  late  Changhsingian,  and  matched  with 
the  faunas  as  yet  undescribcd  from  the  Marsyangdi 
Formation  at  the  top  of  the  Permian  in  Manang, 
central  Nepal  (Waterhouse  &  Shi  1991).  This 
formation  is  late  Changhsingian  (Meishanian),  and 
is  overlain  directly  by  Otoceras  woodwardi  Zone 
of  the  basal  Gangetian  Stage  of  Early  Triassic  age 
(Waterhouse  1994). 
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Placement  of  the  Permian-Triassic  boundary  in  Australia,  and  particularly  in  Queensland, 
relied  initially  (1950s)  on  lithological  criteria.  The  boundary  was  taken  as  coincident  with  the 
change  from  coaltneasures  (Permian)  to  non  coaly  sediments,  principally  redbeds.  This  was, 
and  remains,  a  convenient  field  and  subsurface  mapping  point.  Subsequently,  palaeontological 
evidence  (1960s)  focussed  on  the  demise  of  the  Glossopteris  Flora  as  a  marker  for  the  upper 
boundary  of  the  Permian  System.  Palynological  studies  (!970-90s),  linking  at  least  broadly  to 
the  macrofioras,  and,  most  importantly,  to  palynofloras  from  the  independently  dated  Salt  Range 
section,  indicated  that  a  major  floral  change  which  began  during  the  close  of  coal  measure 
sedimentation,  was  of  early  Changhsingian  age.  The  interpretation  is  necessarily  dependent  on 
stratigraphic  range  data  from  the  Pakistan  section,  and  on  establishing  migration  pathways  for 
the  parent  floras.  The  almost  global  appearance  of  monolete,  sculptured,  cavate  lycopod  spores 
of  Aratrisporites,  which  first  appear  in  the  non-coaly  sediments,  above  the  last  Permian  coal 
scams  in  eastern  Australia,  and  in  faunally  dated  Early  Triassic  (upper  Greisbachian)  sediments 
in  western  Australia,  has  been  suggested  as  a  marker  for  the  basal  Triassic.  But  acceptance 
of  this  criterion  is  not  agreed  by  all  workers. 

SHRIMP  (Sensitive  High  Resolution  Ion  Microprobc)  dating  of  single  zircons  from  the 
type  Meishan  section,  China,  has  provided  a  numeric  age  for  the  P-T  boundary  (based  on  the 
appearance  of  the  conodont  Hindeodus  parvus )  of  about  252  Ma.  SHRIMP  dales  of  tuffs  from 
eastern  Australia,  occurring  several  hundreds  of  metres  below  the  base  of  the  coalmeasures 
have  been  dated  at  251  Ma.  which  if  correct  would  infer  that  the  coals  were  of  Triassic  age! 

However,  these  ages  have  been  established  using  different  zircon  standards,  and  the  standard 
used  for  eastern  Australia  seems  to  give  younger  ages.  This  problem  is  under  intensive 
investigation,  and  so,  at  present,  SHRIMP  does  not  provide  a  boundary  solution. 

Changes  in  carbon  isotopic  composition  of  organic  matter  have  been  suggested  as  a  proxy 
for  the  boundary  in  Australia.  But  these  criteria  too,  are  imprecise,  as  the  origin  of  the  organic 
matter  effects  the  value  of  the  isotopic  composition;  such  that  woody  derived  kcrogen  is 
isotopically  heavy  (-24 %c)  and  nonwoody  kerogen  is  consistently  lighter  (to  -32%c).  The 
resultant  signature  reflects  constraints  imposed  by  admixtures  of  organic  matter,  biofacies,  and 
depositional  history.  A  lack  of  carbonates  at  the  P-T  boundary  in  Australia  precludes  the  use 
of  carbon  isotopes  front  this  source. 

The  problem  of  recognition  of  the  P-T  boundary  in  Australia,  and  in  Gondwana  in  general, 
is  exacerbated  by  rarity  of  marine  index  fossils,  in  particular  conodonts,  so  that  correlation 
with  the  marine  standard  sections  of  the  warmer  northern  hemisphere  deposits  is  not  possible. 

After  25  years,  the  P-T  boundary  in  Australia  remains  elusive  and  between  two  anchor 
points  of  Late  Permian  (but  not  latest)  and  late  Early  Triassic  age.  Correlation  with  the  Late 
Permian  (early  Changhsingian)  uses  palynological  criteria  in  eastern  Australia,  and  the  late 
Early  Triassic  is  defined  by  marine  faunas  in  western  Australia. 


THE  CLOSE  of  the  Permian  has  remained  an 
emotive  issue  since  the  contemporary  extinction  of 
much  of  the  marine  fauna,  about  250  million  years 
ago,  until  the  present.  Global  catastrophe  caused 
either  by  the  destabilisation  of  gas  hydrates  and 
consequent  flooding  of  the  world’s  atmosphere 
with  methane,  or  over  turn  of  stagnant  deep  ocean 
waters  are  among  the  current  explanations  for 
the  demise  of  the  marine  fauna  (see  Erwin  1993, 
1994;  Knoll  et  al.  1996).  In  many  parts  of  the 
world,  the  rock  record  shows  evidence  of  a  severe 


Late  Permian  regression  which  exposed  marine 
shelf  areas,  followed  by  a  widespread  transgressive 
event  in  the  Early  Triassic.  These  events  have 
been  correlated  using  evidence  from  rock  and 
fauna  deposited  in  marine  environments,  although 
traditionally,  the  uppermost  stage  of  the  Permian 
System,  Tatarian  Stage,  is  based  on  the  non-marine 
rocks  of  the  Russian  Platform.  Correlation  with  the 
Russian  section  has  relied  on  plant  megafossils 
and  plant  microfossils  (spores,  pollen,  algae, 
?fungi),  insects,  and  conchostracans  (Figs  1,  2). 
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Fig.  1.  Late  Permian  palaeogeographic 
reconstruction  showing  localities  of  key 
Permian-Triassic  sections  (after  Erwin  * 
1994):  1,  Russian  Platform;  2,  Greenland; 
3,  Southern  Alps  of  Europe;  4,  iran_ 
Armenian  border;  5,  Central  Iran;  6  Salt 
Range  of  Pakistan;  7,  Kashmir;  8,  South 
China;  9,  Bowen  Basin  of  eastern 
Australia. 
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Fig.  2.  Suggested  correlation  between  Late  Permian  and  Early  Triassic  of  the  Russian  Platform  with  selected  global 
sequences  (after  Gomankov  1992).  Correlation  control  points  shown  by  symbols. 


Plant  provincialism  during  the  Permian  has 
hindered  correlation,  but  much  primary  research 
has  yet  to  be  completed.  As  a  further  complication, 
the  base  of  the  Triassic,  as  defined  in  Germany, 
was  also  based  historically  on  non-marine  rocks. 

In  1997  the  Subcommission  on  Permian 
Stratigraphy  proposed  to  select  stratotypes  for 
the  Upper  Permian  units  of  the  Standard  Global 
Chronostratigraphic  Scale  from  outside  the  Volga- 


Urals  region  (Jin  et  al.  1997).  The  Changhsingian, 
from  the  Meishan  region  of  China,  was  proposed 
as  the  uppermost  stage  of  the  Permian,  replacing 
the  Tatarian.  This  is  a  carbonate  dominated  section 
with  well  documented  marine  faunas,  particularly 
conodonts,  and  other  fossil  groups,  including 
spores  and  pollen.  The  incoming  of  the  conodont 
Hindeodus  parvus  is  proposed  to  mark  the  boundary 
of  the  Early  Triassic  (Yin  et  al.  1996).  Intercalated 
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tuffs  within  the  Changhsingian  have  been  dated 
using  SHRIMP  (Sensitive  High  Resolution  Ion 
Microprobe)  and  Ar/Ar  methods.  Carbon  isotopes 
from  both  carbonates  (8l3CCarb)  and  the  organic 
matter  (813C0rg)  from  within  the  section  have 
also  been  studied  and  reported  on  extensively.  A 
marked  shift  to  isotopically  light  carbon  has  been 
suggested  as  a  proxy  to  mark  the  boundary  between 
the  Changhsingian  and  the  Triassic. 

In  Australia,  Late  Permian  marine  deposits 
are  rare,  and  none  appear  to  be  as  young  as 
the  Changhsingian;  the  youngest  faunas  are  of 
Dzhulfian  age,  and  confined  to  the  Canning  and 
Bonaparte  Basins  (Archbold  1998).  Permian 
conodonts,  because  of  cool  water  conditions,  are 
rare  and  known  only  from  the  Early-Middle 
Permian  of  Western  Australia.  H.  parvus,  the 
Triassic  index  has  not  been  found  in  Australia. 
Marine  fauna  from  the  Perth  Basin,  Kockatca 
Shale,  provide  an  international  tie  with  part  of  the 
Griesbachian,  the  oldest  Stage  of  the  Triassic. 
Because  of  the  lack  of  fauna,  correlation  with  the 
standard  sections  has  been  through  palynology, 
and  more  recently,  using  proxies  for  the  P-T 
boundary:  SHRIMP  dates  and  isotopic  signatures 
from  kerogen  (8l3Corg). 

The  purpose  of  this  paper  is  to  provide  a  succinct 
overview  of  the  available  evidence  for  placement 
of  the  P-T  boundary  in  Australia. 

LITHOLOGICAL  CRITERIA 

There  is  a  distinct  lithological  change  between 
coalbearing  sediments  of  the  Baralaba  Coal 
Measures  and  the  overlying,  non-coaly,  often  red- 


bed,  sediments  of  the  Rewan  Formation  in  the 
Bowen  Basin  of  Queensland  (Fig.  3).  Geologists 
of  Shell  Development  Pty  Ltd  (1952)  selected  this 
convenient  field  mapping  surface  as  the  boundary 
between  the  Permian  and  Triassic,  although  at 
that  time  there  was  no  palaeontological  supporting 
evidence  for  this  decision  (Hill  1957).  In  subsurface 
studies,  the  first  downhole  occurrence  of  either  coal 
seams  or  highly  carbonaceous  sediments  was  taken 
to  mark  the  upper  boundary  of  the  Permian.  Again 
this  is  a  convenient,  recognisable  mapping  point, 
but  it  does  not  take  into  account  any  erosion  that 
may  have  occurred,  and  the  assumption  that  the 
first  downhole  coalseam  is  the  youngest  of  the 
coal  measures  is  not  always  correct.  Similarly  the 
uppermost  coals  of  the  Bowen  Basin  and  those  of 
the  Gunnedah  Basin,  to  the  south,  were  thought 
to  be  of  the  same  age,  but  palynological  evidence 
has  shown  that  the  coals  of  the  Gunnedah  basin 
are  considerably  older  (see  Korsch  et  al.  1997). 

The  absence  of  coals  has  also  been  used  by 
Veevers  (1994),  and  others,  to  mark  the  base  of 
the  Triassic;  but  without  supporting  palaeontological 
evidence  this  assumption  is,  of  course,  not  always 
correct. 

In  summary,  the  lithological  criterion  reflects  a 
change  in  process,  which  may  or  may  not  be  time 
significant.  Certainly  there  was,  at  least  initially, 
no  other  supporting  evidence  to  support  a  basal 
Triassic  age  for  the  sediments  immediately  over- 
lying  the  coalmeasures  in  eastern  Australia.  In  the 
Perth  and  Carnarvon  basins  of  western  Australia 
there  is  a  significant  time  break  between  the 
uppermost  Permian  and  the  overlying  Early 
Triassic,  which  is  dated  by  marine  faunas  (see 
below). 
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PALAEONTOLOGICAL  EVIDENCE 
Global  criteria 

As  originally  defined,  the  upper  boundary  of  the 
Permian  System  was  coincident  with  the  top  of 
the  Tatarian  Stage  of  the  Russian  Platform  (see 
Gomankov  1992;  Fig.  2).  The  base  of  the  Triassic 
was  initially  defined  in  Germany  and  recognised 
on  lithological  criteria.  Both  the  Upper  Permian 
and  Lower  Triassic  sections  are  predominantly  of 
non-marine  origin,  and  correlation  is  possible  only 
using  plant  microfossils.  But  the  full  potential  of 
this  microfossil  group  for  international  correlation 
is  yet  to  be  realised;  it  is  hampered  by  the  lack 
of  systematic  study  of  palynofloras  from  the 
respective  type  sections  (but  see  Visscher  1980; 
Visscher  &  Brugman  1981,  1988)  and  apparent 
parent  plant  provincialism  (Gomankov  et  al.  1998 
for  discussion).  Historically  plant  microfossils  are 
relatively  new  agents  for  correlation,  and  so  marine 
megafossils  were  first  to  replace  lithological  criteria 
for  correlation.  As  a  consequence,  marine  equiv¬ 
alent  sections  for  the  uppermost  Permian  and  basal 
Triassic  were  established  in  Europe,  North  America 
and  Asia. 

In  1997,  the  Subcommission  on  Permian  Strati¬ 
graphy  proposed  to  select  formally  stratotypes  for 
the  Upper  Permian  units  of  the  Standard  Global 
Chronostratigraphic  Scale  from  outside  Russia  (Jin 
et  al.  1997).  The  Changhsingian,  from  the  Meishan 
region  of  China,  is  proposed  as  the  uppermost  stage 
of  the  Permian,  replacing  the  Tatarian.  This  is  a 
carbonate  dominated  section  with  well  documented 
marine  faunas,  particularly  conodonts,  and  other 
fossil  groups,  including  spores  and  pollen  (although 
recovery  of  these  fossils  can  be  difficult). 

The  incoming  of  the  conodont  Hindeodus  parvus 
is  proposed  to  mark  the  boundary  of  the  Early 
Triassic  (Yin  et  al.  1996).  Although  this  is  the 
currently  accepted  criterion,  its  use  has  come  under 
intense  international  scrutiny.  These  concerns,  how¬ 
ever,  are  largely  academic,  because  at  present 
H.  parvus  is  unknown  from  Australia,  or  indeed 
from  any  other  currently  Southern  Hemisphere 
Gondwanan  deposits.  Thus  the  primary  faunal 
criterion  for  recognition  of  the  basal  Triassic  cannot 
be  applied  to  Australian  deposits;  correlation  must 
be  achieved  using  other  faunal  groups. 


Australian  marine  fauna 

The  youngest  Permian  marine  faunas  of  Dzhulfian 
age  occur  in  the  Canning  Basin  of  Western  Aus¬ 
tralia  (Archbold  1998).  Faunas  of  Changhsingian 
age  have  not  been  recognised.  Ammonites  and 


bivalves  from  the  Kockatea  Shale  of  the  perth 
Basin,  Western  Australia,  provide  links  with  the 
Early  Triassic,  and  are  of  late  Greisbachian  in  ace 
(see  McTavish  &  Dickins  1974).  These  are  the 
faunal  anchor  points  for  the  Australian  Late 
Permian  and  Early  Triassic. 


Floral  evidence 

Balme  (1962)  considered  that  the  range  of  the 
distinctive  Gondwanan  Glossopteris  Flora  spanned 
the  Permian  Period;  as  a  consequence  the  demise 
of  the  Flora  marked  the  P-T  boundary  in  Australia 
As  an  extinction  event,  it  could  be  assumed  to 
be  coincident  and  consistent  with  the  extinction  of 
the  marine  fauna  throughout  much  of  the  global 
Permian  (see  Erwin  1993).  Such  an  assumption, 
however,  involves  circular  arguments  and  accepts 
that  extinction  rates  between  floras  and  faunas  are 
synchronous,  a  view  not  supported  by  all  workers 
(see  Traverse  1988). 

The  last  glossopterids  seem  to  occur  within 
the  uppermost  Permian  coalmeasures  of  eastern 
Australia,  and  so  placement  of  the  P-T  boundary 
on  lithological  grounds  (sec  above)  was  apparently 
supported  by  local  floral  evidence.  The  palyn- 
ological  expression  of  the  Glossopteris  Flora, 
particularly  characterised  by  striatitid  pollen,  was 
used  by  Balme  (1969),  Evans  (1969),  and  all  sub¬ 
sequent  workers,  to  further  refine  the  placement  of 
the  P-T  boundary. 

Palynology.  International  correlation  using  palyn- 
omorphs,  despite  the  problems  mentioned  above, 
was  achieved  between  Australia  and  Pakistan 
following  Balme’s  (1970)  study  of  the  Salt  Range 
sections.  Balme  &  Helby  (1973)  established  cor¬ 
relation  between  palynofloras  from  the  uppermost 
Chhidru  Formation  (currently  regarded  as  early 
Changhsingian)  and  those  from  immediately  over- 
lying  the  uppermost  coalmeasures  of  the  Sydney 
Basin  in  eastern  Australia  (see  Fig.  2). 

Foster  (1979)  found  correlative  palynofloras  at 
the  base  of  the  uppermost  coalmeasures  in  the 
Bowen  Basin,  which  showed  that  quantitatively 
small  but  significant  palynofloral  change  had 
occurred  prior  to  the  end  of  coalmeasures  sedi¬ 
mentation.  The  first  appearance  datum  (FAD) 
of  Triplexisporites  playfordii  and  Playfordiaspora 
cancellosa  (al.  crenulata)  are  keys  to  correlation. 
In  Australia,  the  FAD  of  T.  playfordii  is  a  key 
temporal  marker  (Fig.  3).  In  eastern  Australia,  it 
appears  in  coalmeasures  where  the  parent  plant  was 
part  of  the  swamp  flora;  the  same  palynospecies 
continues  to  flourish  in  redbeds  in  both  eastern 
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and  western  Australia,  and  makes  its  last  appear¬ 
ance  in  the  Late  Triassic.  As  emphasised  by  Foster 
&  Jones  (1994),  correlation  with  the  Salt  Range 
section  is  dependent  on  the  known  range  of 
T.  playfordii  and  the  other  key  species  (see  list  in 
Foster  1982).  At  present  it  is  known  only  from 
the  uppermost  Chhidru  Formation  (Unit  4),  but 
only  from  study  of  relatively  few  samples  (11,  see 
Balme  1970).  More  extensive  sampling  and  study 
is  needed  urgently.  Migration  of  the  parent  plants 
presumably  occurred  during  global  Iowstand,  and 
it  has  been  assumed  that  the  FAD  of  the  key 
spore-pollen  species  is  synchronous,  within  some 
degree  of  unresolveable  error.  This  assumption 
needs  testing  because  the  physical  processes  to 
preserve  both  the  sediments  and  palynomorphs, 
and  in  particular  the  creation  of  accommodation 
space,  must  occur  after  the  original  migration  and 
involve  at  least  one  other  local  migratory  phase 
as  the  parent  plants  adjust  to  the  subsequent 
transgressive  event. 

The  ‘fungal’  connection.  Above  the  uppermost 
coals  of  the  Bowen  Basin,  in  the  overlying  Rewan 
Formation,  Foster  (1979)  described  and  named 
large  fungal-shaped  palynomorphs  as  Chordecystia 
chalasta  (Fig.  4).  Closely  comparable  taxa  were 
described  later  in  the  same  year  by  Balme  (1979) 
from  Permian-Triassic  sediments  of  Greenland  as 
Tympanicysta  stochiana.  These  taxa  may  be  con- 
specific,  although  European  examples  show  a 
broader  range  of  morphologic  variation.  Visscher 
et  al.  (1996)  have  gone  further  to  suggest  that  both 
these  genera  belong  to  Reduviasporonites  Wilson 
1962  first  described  from  the  Permian  of  Oklahoma. 
From  Foster’s  study  of  the  Oklahoma  type  material, 
and  assemblages  from  Australia,  Greenland,  Britain 
and  Russia,  the  synonymy  of  Visscher  et  al.  is  not 
followed.  Despite  this,  the  widespread  occurrences 
of  these  forms  in  Europe,  China  (Meishan  section), 
Israel  and  Australia  has  lead  to  the  concept  of  a 
‘fungal  spike’  (Visscher  et  al.  1996;  Eshet  et  al. 
1995;  Wood  &  Mangerud  1994)  to  mark  the  close 
of  the  Permian  (Fig.  5). 

The  scenario  is  attractive,  as  these  forms  are 
seen  to  flourish  in  a  decaying  and  doomed  global 
ecosystem  where  faunal  extinctions,  at  least, 
reach  90%  (Erwin  1993).  However  the  records 
of  C.  chalasta  from  Kazanian  assemblages  from 
the  Russian  Platform,  some  17  Myr  before  the 
P-T  boundary,  suggest  that  these  taxa  are  a  disaster 
species  which  bloom  opportunistically  (see  Foster 
et  al.  1997).  As  such  they  mark  an  ecology, 
rather  than  a  synchronous  and  unique  event.  The 
biological  affinities  of  the  microfossils  remains 
speculative;  but  a  fungal  origin  is  suggested  because 


Fig.  4.  Australian  Late  Permian  Chordecystia  chalasta 
Foster  1979:  1,  3,  topotype  material  from  the  Bowen 
Basin,  Queensland  (scale  bar  30  pm);  2,  4,  5,  examples 
from  the  Bonaparte  Basin,  northern  Australia  (scale  bar 
40  pm). 

they  look  like  modern  forms,  although  their  size 
range  is  approximately  lOx  that  of  recent  and  fossil 
fungi. 

PROXIES  FOR  THE  P-T  BOUNDARY 

Non-palaeontological  and  non-lithological  criteria 
for  placement  of  the  P-T  boundary  in  Australia 
include:  numeric  age  dating  of  single  zircon  crystals 
recovered  from  tuffs,  using  the  Sensitive  High 
Resolution  Ion  Microprobe  (SHRIMP);  and  the  use 
of  shifts  in  carbon  isotopic  composition  determined 
from  organic  matter  or  kerogen.  The  results  of 
each  arc  reviewed  below. 

Radiometric  dating — SHRIMP 

Single  zircon  crystals  from  various  tuff  horizons 
from  the  P-T  boundary  section  at  Meishan  have 
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Fig.  5.  Carbon  isotopes  (from 
carbonates),  percentages  of  woody 
debris  and  fungal  remains  (as  in  Fig.  4), 
from  two  key  boundary  sections  in  the 
southern  European  Alps  and  Israel  (after 
Visschcr  et  al.  1996). 


Fig.  6.  Fauna,  carbon  isotopes  (from 
carbonates),  and  SHRIMP  samples  from 
the  proposed  Permian-Triassic  global 
stratotype  section  (D)  at  Meishan,  China. 


been  dated  by  the  SHRIMP  technique.  The  first 
date  from  the  so-called  boundary  clay  was  given 
as  251.2±3.4  Ma  (Claoud-Long  et  al.  1991,  1995). 
Yin  et  al.  (1992)  have  provided  a  comprehensive 
account  of  the  nature  of  the  boundary  clay 
rock  from  many  localities  across  southern  China. 
Fig.  6  shows  the  section  containing  the  dated  tuff 
layer,  considered  originally  as  the  ‘boundary  clay’ 
or  ‘White  Clay’,  at  the  boundary  between  the 
Permian  Changhsing  Formation  and  the  Triassic 
Chinglung  Formation  (see  also  Xu  &  Yan  1993; 


Yin  1996).  Subsequent  work  at  Meishan  has  shown 
that  this  tuffaccous  layer  contains  a  Permian 
conodont  fauna,  and  occurs  approximately  14- 
15  cm  below  the  first  appearance  of  the  conodont 
H.  parvus  (Yin  1994). 

The  initial  date  has  been  refined  by  subsequent 
SHRIMP  work  on  the  same  tuff  at  Section  D 
(Bed  25  of  Yin  et  al.  1996)  at  252.6  ±1.0  Ma, 
and  zircons  from  a  tuff  in  Bed  35,  7.3  m  above 
Bed  25,  were  dated  at  252.4  ±1.2  Ma  (Metcalfe 
et  al.  1997):  which  essentially  is  the  same  date. 


THE  PERMIAN-TRIASSIC  BOUNDARY  IN  AUSTRALIA 


253 


The  P-T  boundary  is  therefore  taken  as  252.6  ± 
1.0  Ma.  Bowring  ct  al.  (1998)  have  also  dated  the 
Meishan  sections,  with  samples  from  Sections  A 
to  D  and  Z.  Of  particular  interest  are  dates  from 
Section  D  for  the  Permian  lower  part  of  the 
Changhsing  Formation  dated  by  isotopic  dilution 
techniques  at  253.4  ±  0.2  Ma  (approximately  30  m 
below  the  P-T  boundary — see  Bowring  et  al.: 
fig.  2),  and  the  Early  Triassic  Bed  33  (2.25  m 
above  the  P-T  boundary)  at  250.4  ±  0.5  Ma. 
Although  not  determined  from  ash  beds  at 
Section  D,  the  proposed  stratotype.  Bowring  et  al. 
place  the  boundary  at  251.4  ±0.3  Ma,  slightly 
younger  than  the  SHRIMP  age  reported  by  Metcalfe 
et  al.  1997. 

In  Australia.  Roberts  ct  al.  (1996)  reported  a 
SHRIMP  date  of  250.1  ±2.8  Ma  for  a  tuff  in  the 
Black  Alley  Shale,  underlying  the  Baralaba  Coal 
Measures  in  the  Bowen  Basin  (Fig.  3).  Accepting 
the  validity  of  the  Meishan  data,  the  Black  Alley 
Shale  is  of  Triassic  age,  as  are  the  overlying 
Glossopteris- bearing  coal  measures  (but  see  above). 
Are  the  dates  from  the  Black  Alley  Shale  in  error? 
Draper  &  Fielding  (1997)  argued  that  this  date  is 
inconsistent  with  other  SHRIMP  dated  horizons  in 
Queensland  (cf.  Roberts  et  al.  1997).  Another 
possibility  is  that  variation  in  the  standard  (or 
reference)  zircon,  SL13  (Compston  1996),  used 
in  dating  the  Black  Alley,  but  not  the  Meishan 
samples  of  Metcalfe  et  al.,  may  explain  these 
differences  in  age. 

When  comparing  Early  Palaeozoic  ages  deter¬ 
mined  by  SHRIMP  and  by  isotope  dilution 
techniques.  Tucker  &  McKerrow  (1995:  372) 
suggested  that  SHRIMP  ages  ‘are  too  young 
because  of  a  minor  bias  of  -1-2%  in  the  SHRIMP 
calibration  . . .’.  Applying  such  a  correction  factor 
to  the  Black  Alley  Shale  its  age  may  be  between 
252.6  and  255.1  Ma.  But  this  is  speculation,  and 
it  is  clear  that  the  Black  Alley  Shale,  and  other 
tuffs  below  the  coal  measures,  must  be  re-dated, 
and  this  is  currently  in  progress. 

However,  assuming  that  the  older  date  of 
252.6  Ma  is  correct  for  the  Black  Alley  Shale,  and 
that  is  within  the  Triassic,  how  does  this  fit  with 
other  palaeontological  evidence?  The  palynoflora 
from  the  Black  Alley  Shale  belongs  to  the 
Dulhuntyispora  parvithola  Zone.  In  the  Canning 
Basin  of  Western  Australia,  palynofloras  belonging 
to  this  zone  are  considered  to  be,  at  least  in  part, 
of  Dzhulfian  (Late  Permian)  age,  dated  by  faunas 
in  correlative  beds  of  the  Liveringa  Group.  It  should 
be  noted  that  the  fauna,  including  the  ammonoid 
Cyclolob  us,  is  recovered  from  ferruginised  surface 
rocks  of  the  Hardman  Formation  and  that  the 
palynomorphs  are  recovered  from  subsurface  beds 


close  to  the  type  section  of  the  Hardman  Formation 
(see  Backhouse  1998).  This  is  evidence  at  least 
of  a  Late  Permian  age  for  the  D.  parvithola 
assemblages.  Palynofloras  from  the  Kockatea  Shale, 
dated  by  bivalves  and  ammonites  as  late  Early 
Triassic  (late  Greisbachian — see  McTavish  & 
Dickins  1974),  belong  to  Dolby  &  Balme’s  (1976) 
Kraeuselisporites  saeptatus  Zone.  Key  elements  of 
the  zone  include  lycopod  spores  of  K.  saeptatus 
and  Densoisoporites  spp.,  and  as  shown  by  Foster 
(1982)  and  De  Jersey  (1979)  these  key  elements 
occur  in  palynofloras  recovered  from  the  Rewan 
Formation,  which  overlies,  either  conformably  or 
unconformably  the  coal  measures,  which  in  turn 
overly  the  Black  Alley  Shale.  Put  more  simply. 
Early  Triassic  palynofloras  from  eastern  Australia 
occur  hundreds  of  metres,  in  section,  above  the 
tuffs  of  the  Black  Alley  Shale. 

For  this  paper  it  must  be  concluded  that  SHRIMP 
dating  does  not  currently  allow  recognition  of  the 
P-T  boundary  in  Australia. 

CARBON  ISOTOPES  FROM  CARBONATES 
AND  ORGANICS 

Overview 

Global  carbon  isotopic  signatures  from  carbonates 
(8I3CCarb)  which  span  the  Permian-Triassic  boun¬ 
dary  show  a  sharp  shift,  the  Triassic  carbonates 
being  4  to  5%o  lighter  than  those  from  the  Permian 
(Figs  5,  6).  Baud  et  al.  (1989)  and  subsequent 
investigators  (Chen  et  al.  1991;  Xu  &  Yan  1993; 
Morante  et  al.  1994;  Knoll  et  al.  1996)  used  these 
changes  to  correlate  between  key  global  sections. 
Scholle  (1995)  reviewed  the  data  used  for  cor¬ 
relation,  and  noted  that  secular  variation  in  both 
carbon  and  sulphur  isotopic  composition  occurred, 
but  that  diagenelic  problems  complicated  the  picture 
(see  also  Oberhansli  et  al.  1989).  Scholle  (1995: 
144)  concluded  that  ‘the  establishment  of  a  secular 
variation  curve  which  has  enough  detail  and 
reliability  to  be  used  as  a  chemostratigraphic  tool 
still  lies  in  the  future’. 

Any  secular  variation  in  8l3CCarb  should  also  be 
apparent  in  8,3C  signature  of  total  organic  carbon 
(8l3C0rg)  where  present. 

Morante  and  co-workers  provided  a  compre¬ 
hensive  set  of  8l3Corg  values  for  a  number  of  wells 
from  both  eastern  and  western  Australia  (Morante 
1995;  Morante  et  al.  1994;  Morante  &  Herbert 
1994).  From  this  data  set  they  have  suggested  that 
isotopic  shifts  of  a  similar  magnitude,  from  -4  to 
-8.5%c,  provide  ‘an  isochronous  global  datum  in 
the  sedimentary  record  at  the  palaeontologically 
defined  Permian-Triassic  boundary’  (Morante  et  al. 
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Fig.  7.  Carbon  isotopic  signature  from 
core  1,  Woodada-2,  Perth  Basin.  Permian 
sediments  dated  by  plant  microfossils 
The  peak  at  2295.88  m  coincides  with 
the  first  appearance  of  the  bivalve 
Claraia  sp.  and  indicates  an  Early 
Triassic  age. 


1994);  and  further,  that  isotopic  chemostratigraphy 
has  application  for  both  intrabasinal  and  global 
correlation  (e.g.  Retallack  1996).  As  a  result  of 
more  recent  work,  Foster  and  co-workers  con¬ 
sidered  that  carbon  isotopic  signatures  are  affected 
by  secular  change,  but  more  importantly  may  be 
overprinted  by  contributions  from  different  organic 
sources  or  facies  (Gorter  et  al.  1995;  Foster  et  al. 
1997;  see  also  Xu  &  Shen  1989).  As  a  consequence, 
this  criterion  cannot  be  used  for  precise  dating. 


Carbon  isotopes  in  Australia 

The  key  question  is  whether  the  secular  changes 
in  carbon  isotopic  composition  can  be  isolated 
from  the  other  causes  of  changes  in  isotopic  value. 
As  noted  above,  Scholle  (1995)  drew  attention  to 
the  masking  and  contributing  effects  of  diagenetic 
processes  to  the  determination  of  carbon  isotopic 
values  from  carbonates.  For  organic  matter,  issues 
affecting  the  carbon  isotopic  composition  are 
complex  and  include  physiological,  environmental 
and  taxonomic  factors  (e.g.  Falkowski  1991;  Lloyd 
&  Farquhar  1994)  as  well  as  any  secular  contri¬ 
bution  (e.g.  Tieszen  1991;  Rau  1994). 


Foster  et  al.  (1997)  have  summarised  their  studies 
in  the  Perth,  Bowen,  Bonaparte  and  Sydney  basins 
and  showed  that  kerogen  composition  was  closely 
correlated  with  the  observed  shift  in  carbon  isotopic 
values.  In  particular,  where  woody  tissue  was 
present  in  relatively  low  proportion,  as  determined 
by  standard  visual  kerogen  analysis,  the  sample 
was  isotopically  light  (Gorter  et  al.  1995).  This 
pattern  has  now  been  observed  in  a  number  of 
wells  and  a  model  to  determine  the  relative 
contribution  of  end-member  organic  matter  types, 
using  isotopic  signatures  of  either  kerogen  or  oils 
has  been  discussed  by  Foster  et  al.  (1997).  Some 
of  their  Findings  are  summarised  below. 

Perth  Basin 

Woodada-2,  core  I.  This  core  was  originally  con¬ 
sidered  as  a  potential  Permian-Triassic  boundary 
section,  and  shows  variation  in  organic  matter  input 
as  well  as  813C  of  kerogen  (see  Gorter  et  al.  1995). 
The  occurrence  of  the  bivalve  Claraia  throughout 
much  of  the  core  provides  independent  evidence 
of  an  Early  Triassic  age  (Fig.  7).  The  base  of  the 
core  has  been  dated  as  Late  Permian,  based  on 
palynological  evidence  (see  Gorter  et  al.  1995). 
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Fig.  8.  Isotopic  cross-plot  of  kerogen 
and  carbonate  from  the  Woodada-2 
core.  Kerogen  of  around  -30%c,  derived 
from  Triassic  horizons  shows  a  isotopic 
relationship  with  co-existing  carbonate 
with  and  isotopic  separation  of  28.5%c, 
suggesting  a  primary  relationship  of  both. 
Kerogen  8I3C  -24%o  from  both  Triassic 
and  Permian  horizons  does  not  plot  on 
the  line  and  indicates  that  the  carbonate 
and  kerogen  do  not  both  have  a  primary 
origin  in  the  same  water  column. 


The  8I3C  profile  shows  that  typical  ‘Permian’ 
values  of  -24%o  occur  in  the  Triassic;  the  remainder 
of  the  Early  Triassic  is  isotopically  lighter,  from 
-27.18  to  -31%o.  High  concentrations  of  woody 
tissue  are  associated  with  kerogen  enriched  in 
l3C  (see  Gorier  ct  al.  1995,  table  1,  for  details). 
In  the  1995  study  we  concluded,  on  available 
evidence,  that  reworking  had  not  contributed  to 
high  concentrations  of  woody  debris  found  in  the 
Triassic  samples.  This  conclusion  is  overturned  by 
new  studies  of  carbon  isotopes  from  associated 
carbonates  and  by  evidence  from  Rock-Eval 
pyrolysis. 

Carbon  Isotopes  from  Associated  Carbonate — 
Woodada-2.  Where  primary  carbonate  and  organic 
matter  are  formed  in  the  same  water  column,  a 
kinetic  5I3C  isotope  effect  exists  which  causes 
organic  matter  to  be  depleted  by  about  28%t>, 
compared  to  carbonate  (Hayes  et  al.  1989).  For 
the  Woodada-2  core,  a  cross-plot  of  carbonate  and 
kerogen  (Fig.  8)  shows  that  organic  matter  with 
an  isotopic  composition  of  — 30%e  plots  on  a  line 
linking  kerogen  and  carbonate  pairs  at  -28. 5%*,  as 
predicted  by  the  model  of  Hayes  et  al.  (1989). 
However,  carbonate  associated  with  wood- 
dominated  kerogen  (-24%o)  does  not  plot  on  this 
line  (Fig.  8).  A  decoupling  of  the  kerogen-carbonate 
relationship  occurs  due  to  the  influence  of 


terrestrially-derived  woody  tissue  on  the  overall 
isotopic  composition  of  the  kerogen.  These  data 
alone  have  implications  for  the  uses  of  chemo- 
stratigraphy  in  the  correlation  of  Permian  and 
Triassic  sections,  since  the  terrestrial  influence  on 
the  isotopic  composition  of  kerogen  is  not  a  local 
phenomenon  but  occurs  in  other  basins,  and  during 
different  geological  periods. 

Given  that  the  controlling  factor  on  isotopic 
composition  of  the  Woodada-2  kerogen  is  the 
variation  in  contribution  of  organic  matter  types, 
and  that  we  have  good  estimates  on  the  isotopic 
composition  of  the  terrestrial  and  marine  end- 
members,  it  is  possible  to  use  the  observed  data 
to  calculate  the  proportion  of  marine  and  terrestrial 
organic  matter,  based  on  the  isotopic  composition 
of  the  bulk  kerogen,  using  the  following  formula 
modified  from  Jasper  &  Gagosian  (1990); 

F,  =  8I3C  s  -  8I3C  m  /  813C ,  -  8I3C  m 

F,  =  fraction  of  Corg  that  is  terrestrial 
813CS  =5l3Corg  of  a  given  sample 
8l3Ct  =813C0rg  of  the  woody  tissue  end-member 
(=-24%c) 

813Cm=8l3Corg  of  the  marine  acritarch-rich  end 
member  (=-30 %o) 

From  the  above  calculation,  a  model  was  derived 
relating  the  variation  of  organic  matter  input  to 
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Fig.  9.  A  model  of  the  fraction  of 
terrestrially  derived  material  in  the 
Woodada-2  core  based  on  the  isotopic 
composition  of  the  kerogen  and  known 
end-members. 


marine  and  terrestrial  influence  (Fig.  9).  This  model 
curve  can  be  read  in  the  same  way  as  a  sea-level 
curve,  with  high  levels  of  terrestrial  influence 
associated  with  regressive  low  sea-level  stands,  and 
low  terrestrial  influence  associated  with  trans¬ 
gressive  high-stand  systems. 


Rock-Eval  Pyrolysis — Woodada-2.  Further  work  on 
the  Woodada-2  core  used  this  standard  technique 
for  the  assessment  of  hydrocarbon  potential  and 
organic  maturity  (cf.  Tmax  values).  Fig.  10  shows 
that  the  wood-dominated  kerogen  from  the  Permian 
and  Early  Triassic  have  Tmax  values  of  about 
485°C,  and  that  the  acritarch-rich  kerogen  (Early 
Triassic)  is  associated  with  values  about  435°C. 
A  difference  of  ~50°C  in  samples  derived  from 
within  a  few  metres  of  each  other  indicates  that 
the  woody  tissue  is  most  likely  to  have  been 
reworked  from  thermally  mature  sediments  of  the 
hinterland.  This  value  is  too  great  to  be  attributed 
simply  to  differences  in  the  reaction  kinetics  of 
different  types  of  organic  matter  (cf.  Foster  et  al. 
1986). 


Hydrocarbons — Woodada-2.  The  influence  of 
woody  tissue  on  the  kerogen  also  extends  to 
hydrocarbon  yield.  Kerogen  rich  in  acritarchs  yields 
an  order  of  magnitude  more  extractable  organic 
matter  (EOM)  compared  to  kerogen  rich  in  woody 
tissue  (Fig.  10).  This  result  is  not  unexpected,  since 
the  hydrocarbon  yield  from  lignin-rich  organic 
matter  is  likely  to  be  less  than  that  from  aliphatic 
biopolymers  produced  by  certain  algae.  This  has 
important  implications  for  petroleum  generation  and 
source  rock  potential  within  the  basin,  given  that 
the  total  organic  carbon  (TOC)  content  of  these 
samples  is  similar.  The  data  outlined  above  indicate 
that  the  source  rocks  of  greatest  potential  will 
contain  acritarch-rich  organic  matter  with  a  bulk 
isotope  composition  of  about  -30%c.  Kerogen  with 
significant  inputs  of  woody  tissue  will  suffer  a 
dilution  effect  and  will  yield  proportionally  less 
hydrocarbon;  its  isotopic  composition  will  also 
exhibit  an  enrichment  with  increasing  input. 

Analysis  of  the  saturated  hydrocarbons  was 
undertaken  using  gas  chromatography  (GC)  and  gas 
chromatography-isotope  ratio  mass  spectrometry 
(GC-IRMS).  Two  distinct  hydrocarbon  profiles 
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Fig.  10.  Tmax  and  extractable  organic 
matter  (EOM)  yield  from  Woodada-2 
superimposed  on  the  isotopic  composition 
of  the  kerogen.  Wood-rich  kerogen  has 
a  813C  value  of  about  -24%c,  low  EOM 
yields  and  high  Tmax,  about  485°C. 
Acritarch-rich  kerogen  has  an  5I3C 
isotopic  composition  of  about  -30%c, 
much  higher  EOM  yield,  and  Tmax  of 
about  435°C.  The  difference  in  Tmax 
suggests  that  the  wood  has  been  re¬ 
worked  from  a  thermally  mature  source. 


Fig.  11.  GC  traces  of  extracted  bitumen 
from  Woodada-2  and  superimposed 
isotopic  fingerprints  of  individual 
n-alkanes  from  these  samples.  The 
wood-  and  acritarch-rich  kerogen  form 
end-members,  the  bimodal  pattern  of 
the  mixed  kerogen  also  displaying  a 
mixed  isotopic  composition. 


were  observed  and  these  were  also  correlated  to 
kerogen  type  (Fig.  1 1 ).  Woody  kerogen,  with 
a  low  EOM,  has  a  waxy  n-alkane  profile  with 


a  unimodal  distribution  maximising  around  C23- 
Kerogen  rich  in  acritarchs  has  a  much  higher 
EOM  yield,  and  the  n-alkane  profile  is  unimodal 
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Fig.  12.  Graphs  of  the  isotopic  com¬ 
position  of  individual  n -alkanes  from 
bitumen  extracted  from  Woodada-2 
grouped  by  kerogen  composition.  Two 
distinct  patterns  can  be  seen  showing 
the  different  isotopic  fingerprints  and 
their  relationship  to  source.  One  sample 
from  a  wood-rich  kerogen,  2295.5  m 
also  contains  acritarchs  and  the  isotopic 
fingerprint  reflects  this  mixed  kerogen 
source. 


(maximising  around  C13),  with  a  much  lower 
proportion  of  waxy  hydrocarbons.  One  sample, 
at  2295.5  m,  has  a  bimodal  n-alkane  distribution 
maximising  at  C15  and  C23,  suggesting  a  mixed 
organic  source  for  the  bitumen.  Kerogen  analysis 
confirms  an  admixture  of  woody  debris  (dominant) 
and  some  acritarchs  (Gortcr  et  al.  1995).  The  low 
EOM  yield  from  this  sample  is  explained  by  the 
low  generation  potential  of  the  woody  tissue  which 
forms  the  bulk  of  the  kerogen. 


Compound  Specific  Isotope  Analyses  (CSIA) — 
Woodada-2.  Compound  specific  isotope  analysis 
(CSIA,  i.e.  GC-1RMS  on  the  individual  n-alkancs) 
was  carried  out  according  to  methods  described 
by  Freeman  (1991)  and  Merrit  et  al.  (1994),  and 
has  previously  been  applied  to  oils  from  the 
northern  Perth  Basin  (Summons  et  al.  1995)  as  a 
correlation  tool.  Analysis  of  the  saturated  hydro¬ 
carbon  fractions  from  Woodada-2  followed  a  trend 
similar  to  that  outlined  above:  two  distinct  isotope 
profiles  are  identified  and  related  to  source  facies 
(Figs  12,  13).  n-Alkanes  associated  with  acritarch- 
rich  kerogen  are  also  isotopically  light.  A  minor 


depletion  of  generally  less  than  2%c  with  increasing 
chain  length  over  the  range  of  Ci4-C2g  is  observed, 
all  the  profiles  showing  similar  trends.  By  contrast! 
lower  molecular  weight  hydrocarbons  extracted 
from  woody  kerogen  are  enriched  in  l3C  with  the 
isotopic  composition  of  the  C14  n-alkanc  near 
-26 %c.  With  increasing  chain  length,  up  to  C19, 
the  n-alkanes  become  increasingly  isotopically 
depleted,  reaching  -32%o.  This  profile  is  clearly 
different  from  that  generated  from  bitumen 
associated  with  acritarch-rich  kerogen.  The  bitumen 
with  a  bimodal  n-alkanc  pattern  also  generated  a 
mixed  isotope  profile  (Figs  12,  13).  The  lower 
molecular  weight  homologucs  appear  to  be  derived 
from  both  acritarch  and  woody  tissue  types, 
although  the  isotopic  composition  of  the  kerogen 
is  dominated  by  that  of  the  woody  tissue.  This  is 
because  the  acritarch  tissue  can  generate  an  order 
of  magnitude  more  extractable  organic  matter  than 
the  woody  tissue,  and  thus  has  a  much  greater 
influence  on  the  bitumen  despite  its  low  abundance 
in  the  kerogen.  The  distinct  isotope  profiles  related 
to  kerogen  type  is  good  evidence  that  the  bitumen 
is  indigenous  and  that  staining  or  migration  has 
not  occurred.  This  is  important  as  these  isotope 
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Fig.  13.  GC  traces  of  different 
bitumens  extracted  from  the  Woodada-2 
core.  Acritarch-dominated  kerogen  has 
an  8nC  value  around  — 30%c  and 
bitumen  with  a  utiimodal  pattern  of 
«-alkanes  maximising  around  C13-C14. 
Bitumen  associated  with  wood-rich 
kerogen  with  813C  values  around 
-24%o  is  much  more  waxy,  showing  a 
predominance  of  higher  molecular  weight 
n-alkanes.  However,  one  sample  shows  a 
bimodal  n-alkane  distribution  (2295.5  m) 
suggesting  a  mixture  between  the  wood- 
and  acritarch-rich  end-members.  This 
kerogen  from  this  sample  is  pre¬ 
dominantly  woody  but  does  contain 
acritarchs. 


profiles  can  now  be  used  as  source  signals  that 
can  be  correlated  with  petroleum  in  the  region 
(see  below). 

Bonaparte  Basin- 1 

Tern-3.  Assessment  of  quantitative  kerogen  data 
(Helby  1983;  Foster  et  al.  1997)  and  813C  of 
kerogen  in  Tcrn-3  shows  a  significant  link  (90% 
correlation  coefficient)  between  woody  tissue  and 
enrichment  in  13C  (Fig.  14).  Where  woody  tissue 


is  abundant,  isotopic  values  of  -24%o  are  common, 
but  as  the  concentration  of  wood  decreases  and 
the  percentage  of  non-woody  debris  (e.g.  acritarchs) 
increases,  the  isotopic  composition  shifts  towards 
-30%c.  As  noted  above,  a  shift  of  -8%o  had  been 
used  to  mark  the  Permian-Triassic  boundary  in 
this  well  (Morantc  el  al.  1994).  However,  as  in 
Woodada-2,  it  is  evident  that  the  shift  is  not  caused 
solely  by  secular  change,  but  is  related  partly  to 
changes  in  the  type  of  organic  matter  contributing 
to  the  kerogen.  Similar  isotopic  changes  have  been 
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Fig.  14.  Cross  plot  of  the  percentage  of 
woody  derived  debris  in  Tem-3  samples 
against  8I3C  composition  of  the  kerogen. 
The  straight  line  relationship  and 
correlation  coefficient  of  0.9  shows  the 
close  correlation.  The  lower  graph  shows 
the  actual  data  against  that  generated  by 
using  a  two  end-member  mixing  model. 
The  close  correspondence  of  the  two 
graphs  indicates  tlte  controlling  factor 
in  the  8I3C  isotopic  composition  of  the 
Tem-3  samples  is  the  type  of  organic 
matter  which  now  forms  kerogen. 


noted  in  Holocene  sediments  where  variation 
in  5I3C  is  affected  by  input  of  either  terrestrial 
or  marine  organic  carbon  (Parker  et  al.  1972; 
Newman  et  al.  1973). 

To  test  the  validity  of  these  observations  Foster 
et  al.  (1997)  constructed  a  model  isotope  curve 
for  Tem-3  based  on  the  isotopic  compositions  of 
different  organic  sources  and  their  known  quan¬ 
titative  abundance  (determined  from  palynological 
counts).  If  the  model  curve  (Its  the  observed  data 
it  confirms  the  effects  of  organic  matter  type  on 
isotopic  composition.  Conversely,  if  organic  matter 
type  does  not  influence  isotopic  signature,  the 
model  curve  will  vary  significantly  from  the 
observed  data.  Calculation  from  Fig.  14  indicates 
the  two  end-member  kerogen  types,  gives  respective 
values  of -22.1  %o  (woody)  and  -32.0%o  (acritarchs). 
Using  these  values  and  the  proportion  of  each  end 
member  based  on  the  palynological  counts,  the 
model  was  constructed  with  the  following  formula: 


813C model  -  Ft  .  813CWood  +  Fm  .  8,3Cacritarch 
Fm  =  (l-Ft) 

Fm  =  fraction  of  kerogen  that  is  marine-derived 
Ft  =  fraction  of  kerogen  that  is  terrestrially- 
derived 

8 * 3C model  =  calculated  isotopic  composition  of 
model  kerogen 

S13CW00d  =  isotopic  composition  of  woody 
tissue 

813Cacriiarch  =  isotopic  composition  of  acritarch 
tissue 

As  can  be  seen  from  Fig.  14,  the  model  data 
shows  good  correspondence  to  the  observed  values. 
The  relatively  minor  variation  between  the  model 
and  observed  curves  can  be  attributed  to  several 
factors  which  include  variability  of  other  organic 
components  not  accounted  for  in  the  model,  the 
method  of  kerogen  estimation  and  identification 
(see  Traverse  1994,  for  a  diversity  of  views), 
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Fig.  IS.  Kcrogen  carbon  isotopic  sig¬ 
nature,  palynological  zones  and  lithology 
from  Petrel-4.  Data  from  Morante  (1995). 
Arrow  indicates  significant  shift  in 
isotopic  composition  in  kerogen  from 
a  core  sample  in  the  APP6  zone.  The 
assemblage  is  dominated  by  spinose 
acritarchs  (see  Fig.  16),  and  reflects 
a  transgressive  event. 


environmental  controls  affecting  preservation  and 
deposition  of  organic  matter,  and  secular  variation 
in  8I3C.  Despite  these  variables,  it  is  clear  that 
the  main  factor  controlling  the  isotopic  composition 
of  the  kerogen  in  Tern-3  is  organic  matter  type, 
and  not  the  inherent  age  of  the  material.  As 
discussed  below,  the  combined  use  of  palynology, 
isotope  geochemistry,  and  data  modelling  provides 
a  powerful  tool  in  assessment  of  the  value  of 
chemostratigraphy,  and  points  to  further,  novel 
exploration  uses.' 

Bonaparte  Basin-2 

Petrel-4.  Detailed  carbon  isotopic  studies  of 
organics  from  the  Permian-Triassic  section  in 
Petrcl-4  were  reported  by  Morante  (1995),  and  the 
palynological  work  was  conducted  by  SANTOS 
Ltd  (Wood  &  Benson,  unpub.  studies).  A  sample 
from  core  4,  at  3603.42  m,  assigned  to  the 
P.  cancellosa  (al.  crenulata)  Zone  (=APP6),  shows 
a  dramatic  shift  of  -7.28%o  from  the  immediately 
underlying  Permian  (from  -22.69  to  -29.97%c).  The 
lighter  isotopic  value  is  more  typical  of  samples 
assigned  to  the  Triassic  (Fig.  15),  and  the  sample 


was  considered  to  be  out  of  stratigraphic  order,  or 
contaminated  (SANTOS  Ltd  1994,  pers.  comm.), 
as  it  is  within  the  Permian  part  of  the  section. 
However,  further  work  on  core  samples  from 
Pelrel-5,  has  shown  the  same  anomaly,  and  there 
is  now  no  doubt  that  these  samples  arc  in  correct 
stratigraphic  order.  Detailed  kerogen  analysis  shows 
that  the  Petrel-4  sample  contains  more  than  90% 
spinose  acritarchs,  and  therefore  has  very  little  input 
of  woody  debris  (Fig.  16).  As  with  Tem-3  and 
Woodada-2,  the  same  influence  of  woody  debris 
is  evident.  For  Petrel-4,  the  light  isotopic  signature 
reflects  organic  input  from  a  transgressive  event. 
It  seems,  from  studies  by  SANTOS  Ltd,  that 
the  appearance  of  plant  microfossils  of  the 
P.  cancellosa  (al.  crenulata )  Zone  (APP6),  at  least 
in  the  Bonaparte  Basin,  is  facies-controlled.  Most 
importantly,  we  can  apply  the  carbon  isotopic 
values  to  sequence  analyses  (see  below). 

Bowen  Basin 

Denison  NS  20.  The  association  between  kcrogen 
type  and  carbon  isotopic  signature  is  also  evident 
in  the  Bowen  Basin.  The  organic  carbon  isotopic 
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Fig.  16.  Quantitative  composition  of 
plant  microfossils  from  Petrel-4,  Data 
from  unpublished  studies  by  SANTOS 
Ltd.  The  assemblage  from  the  core 
sample  at  3603.42  m  is  domina'ed  by 
spinose  acritarchs,  and  there  L  very 
little  debris  of  woody  origin  in  the 
assemblage.  See  text  for  further  details. 


profile  for  this  well  is  from  Morante’s  (1995)  study 
(Fig.  17).  In  samples  from  the  coal  measures, 
woody  debris  is  common;  the  sample  from  the 
Rewan  Formation  has  less  woody  tissue,  and  the 
occurrence  of  spinose  acritarchs,  and  putative 
fungal  remains  of  Chordecystia  (see  above),  suggest 
a  change  in  environment,  with  the  influx  of  some 
saline  waters  (see  Foster  et  al.  1997  for  details). 


Carbon  isotopes  from  the  Russian  latest  Permian 
and  earliest  Triassic 

Foster  et  al.  (1997)  reported  on  isotopes  from 
kerogen  isolates  from  a  surface  sample  from  the 
uppermost  Late  Permian  (Vyatsky  Horizon,  Tatarian 
Stage)  of  the  Russian  Platform  (see  Foster  & 
Gomankov  1994  for  locality),  and  from  borehole 
cores  of  the  basal  Triassic  (Induan  Stage)  of  the 
Russian  Pechora  Basin  (Yaroshenko  et  al.  1991) 
and  Barents  Sea  (Dr  L.  Fefilova,  VNII  Okean- 
geologia,  Russia,  pers.  comm.  1993),  to  determine 
the  magnitude  of  any  isotopic  shift  across  the 
system  boundary.  Table  1  shows  that  the  maxi¬ 
mum  isotopic  shift  is  -1.79%e.  All  samples  arc 
from  predominantly  non-marine  sections,  and  range 
in  thermal  maturity  from  marginally  mature  to 
gas-condensate;  maturity  has  not  affected  their 
isotopic  composition.  Woody  tissue  dominates  all 
the  kerogen  assemblages,  and,  from  the  models 
developed  in  this  paper,  it  is  not  surprising  that 
there  is  such  a  small  shift  across  the  boundary. 


On  this  criterion  alone,  the  ages  of  the  sections 
cannot  be  determined. 


Age 

Stage 

Area  8I3C-kerogen 

Latest  Permian 

Tatarian- 

Russian 

-23.57 

Vyatsky 

Platform 

Horizon 

Earliest  Triassic 

Induan 

Pechora  Basin 

-25.1 

Earliest  Triassic 

Induan 

Barents  Shelf 

-25.26 

Earliest  Triassic 

Induan 

Barents  Shelf 

-24.92 

Table  1.  Kerogen  carbon  isotopes  from  the  Russian 
Permian-Triassic. 


Conclusions  and  applications  for 
carbon  isotope  data 

•  We  concur  with  Scholle  (1995)  that,  while  secular 
changes  in  carbon  isotopic  composition  are  evi¬ 
dent  through  time,  and  between  the  Permian  and 
Triassic,  they  are  not  well  enough  constrained 
to  be  used  as  an  isochronous  datum. 

•  Isotopic  values  of  organic  carbon  seem  influ¬ 
enced  most  strongly  by  the  primary  source  of 
the  organic  matter,  and  a  model  has  been 
established  to  predict  isotopic  composition  from 
a  visual  quantitative  assessment  of  kerogen 
components. 


Depth  (m) 
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Fig.  17.  Kcrogen  carbon  isotopic 
composition,  palynozones  and  lithology 
from  a  predominantly  non-marine 
section  (Denison  NS  20),  Bowen  Basin, 
Queensland.  Isotopic  data,  and  position 
of  the  Permian-Triassic  boundary,  from 
Morante  (1995). 


CONCLUSIONS 

•  After  25  years,  the  P-T  boundary  in  Australia 
remains  elusive  and  between  two  palaeont¬ 
ological  anchor  points:  correlation  with  the  Late 
Permian  (early  Changhsingian)  of  the  Salt  Range 
uses  palynological  criteria  from  eastern  Australia, 
and  the  late  Early  Triassic  is  defined  by  marine 
faunas  in  Western  Australia. 

•  SHRIMP  dating  studies  of  intercalated  tuffs  of 
the  eastern  and  south  central  Australian  coal 
measures  is  continuing  at  AGSO,  as  is  dating 
of  tuffs  from  international  Permian-Triassic 
reference  sections  (e.g.  Meishan,  China;  South¬ 
ern  Alps,  Italy;  Russian  Permian).  At  present 
geologic  implications  of  early  results  are  difficult 
to  interpret,  and  questions  regarding  the  use  of 
an  appropriate  reference  standard  need  to  be 
resolved,  before  this  technique  can  be  applied 
to  date  the  P-T  boundary  with  certainty. 
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Permianellids  are  characterised  by  bilobate  valves,  well-developed  central  platform,  total 
lack  of  septal  apparatus  and  umbonal  attachment.  Based  on  the  present  data,  four  genera, 
namely,  Dicystoconcha  Termier  et  al.  1974;  Permianella  He  &  Zhu  1979;  Litocothia  Grant 
1976  and  Laterispina  Wang  &  Jin  1991  are  recognised  and  their  synonyms  arc  listed.  Chrono- 
stratigraphically  they  range  from  the  Kungurian  to  the  latest  Changhsingian.  Palaeogeographically, 
permianellids  are  extensively  found  in  the  Palaeotelhys  and  the  transitional  zones  between  the 
Palaeotethyan  and  Boreal  Realms,  and  between  the  Palacotcthyan  and  Gondwanan  Realms. 


PERMIANELLIDS  are  unusual  not  only  in  their 
shape  and  outline,  but  also  in  terms  of  their  internal 
structure  and  living  style,  which  has  attracted 
much  attention  among  brachiopodologists.  The 
earliest  record  of  permianellid  brachiopods  is  the 
specimens  figured  as  Loczyellal  parvula  Licharew 
by  Licharew  (1930:  436,  text-figs  1,  2)  and  re- 
figured  by  Licharew  (1937:  132,  pi.  13,  figs  25-27) 
from  the  Upper  Permian  of  North  Caucasus,  but 
they  are  permianellids  (Jin  Yugan,  pers.  comm.). 
Termier  et  al.  (1974)  described  a  permianellid, 
picystoconcha  lapparenti  Termier  et  al.  1974,  as 
a  species  of  lyltoniids  based  on  a  specimen  from 
the  Murgabian  ( Neoschwagerina  Zone)  strata  in 
central  Afghanistan.  Since  then,  permianellids 
have  been  reported  from:  (1)  South  China  (He  & 
Zhu  1979;  Liang  1982,  1990;  Yang  1984;  Mou 
&  Liu  1989;  Zhu  1990;  Wang  &  Jin  1991;  Shen 
et  al.  1994,  1996);  (2)  Thailand  (Grant  1976; 
Yanagida  1988);  (3)  Japan  (Tazawa  1987,  1991, 
1992;  Shen  &  Tazawa  1997);  (4)  Primorye,  Russia 
(Likharew  &  Kotljar  1978),  North  Caucasus 
(Licharew  1930,  1937),  Transcaucasia  (Shen  &  Shi 
1997);  and  (5)  Jilin  and  Inner  Mongolia  of 
Northeast  China  (Wang  &  Jin  1991). 

The  permianellids  arc  generally  characterised  by 
bilobate  shell,  ovate  or  elongately  ovate  outline, 
concavo-  and  plano-convex  profile,  pseudopunctate 
shell,  internal  central  platform  and  absence  of 
septal  apparatus.  The  classification  and  taxonomic 
nomenclature  of  permianellids  are  at  present  con¬ 
fusing,  because  of  incomplete  preservation  of 
materials  and  differing  interpretations  among 
researchers.  He  &  Zhu  (1979),  He  et  al.  (1990) 
and  Liang  (1990)  respectively  upgraded  the 


permianellids  as  a  new  Order  Permianellida  He 
&  Zhu  or  Suborder  Dipunctcllidina  Liang.  Other 
authors  have  classified  their  permianellid  speci¬ 
mens  in  the  Lyttonioidea  Waagen  (Termier  et  al. 
1974;  Grant  1976;  Wang  &  Jin  1991;  Shen  et  al. 
1994,  1996),  Productoidea  Gray  (Liang  1982;  Yang 
1984),  or  Terebratulida  Waagen  (Mou  &  Liu 
1989).  Recently,  with  the  further  study  of  the 
shell  fabric,  internal  structure,  and  palaeoecology 
of  permianellids,  it  has  been  increasingly  accepted 
that  the  permianellids  belong  to  the  Superfamily 
Lyttonioidea  Waagen  1883  (Termier  et  al.  1974; 
Grant  1976;  Wang  &  Jin  1991;  Shen  et  al.  1994; 
Shen  &  Shi  1997).  However,  lower  level  classi¬ 
fication  within  the  Lyttonioidea  remains  uncertain. 
Our  purpose  is  to  clarify  the  external  and  internal 
features  and  synonyms  of  the  permianellids  and 
discuss  their  stratigraphical  range  and  palaeo- 
geographical  distribution. 

SYSTEMATIC  PALAEONTOLOGY 

Phylum  BRACHIOPODA 

Order  PRODUCTIDA 
Sarytcheva  &  Sokolskaja,  1959 

Suborder  STROPHALOSIIDINA  Waagen,  1883 

Superfamily  LYTTONIOIDEA  Waagen,  1883 

Family  PERMIANELLIDAE  He  &  Zhu,  1979 

Diagnosis.  Bilobate  lyltoniids  with  an  anterior 
incision  and  an  attachment  ring  on  the  posterior 
portion  of  the  shell,  concavo-  or  plano-convex  in 
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profile;  irregular  marginal  brim  or  fence-shaped 
brim  developed  along  the  lateral  sides  or  absent. 
Surface  smooth  except  growth  lines,  spines  absent. 
Ventral  interior  totally  lacking  internal  septa,  but 
usually  with  a  central  platform,  a  median  septum 
or  two  lateral  septa  present  on  the  central  platform. 
Dorsal  interior  with  longitudinal  ridges  along  each 
lobe;  brachial  processes  prominent.  Shell  fabric 
consists  of  external  pseudopunctate  layer  and  inner 
laminar  layer. 

External  morphology.  Permianellids  are  variable 
in  size.  Genera  in  the  Family  Permianellidae  under¬ 
go  progressive  increase  in  size  from  the  Kungurian 
to  the  Changhsingian  although  they  had  a  relatively 
short  stratigraphical  range.  The  specimens  of 
Dicystoconcha  lapparenti  Termier  et  al.  from 


the  Maan  Member  (Kungurian)  of  the  Chihsia 
Formation  arc  small  (Yang  1984:  333).  AH  others 
are  relatively  larger  except  the  immature  shell  of 
Litocothia  cateora  Grant  possibly  from  the  Wordian 
which  is  only  7.0  mm  in  length  and  11.5  mm  in 
width  (Grant  1976:  167).  The  largest  species 
Laterispina  parallela  Shen  et  al.  from  the 
Changhsingian  of  South  China  is  98.0  mm  lone 
(Shen  et  al.  1994:  480).  Generally,  their  sizes 
usually  referring  to  their  lengths,  greatly  increase 
stratigraphically  and  exceed  their  width  in  adults 
But  most  species  of  permianellids  attain  a  fairly 
large  length  with  a  relatively  minor  increase  in 
width  except  the  species  Laterispina  liaoi  Wang 
&  Jin,  in  which  the  width  evenly  increases  with 
its  length  (Fig.  1). 
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Fig.  I.  Individual  size  distribution  of  reported  permianellids. 
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In  permianellids  both  valves  are  usually  flat  or 
strongly  curved  dorsally  in  lateral  profile.  The 
dorsal  valve  is  normally  slightly  concave  or  nearly 
flat,  but  the  ventral  valve  commonly  strongly 
arched  in  transverse  profile.  Both  valves  consist  of 
two  lobes  bisected  by  a  shallow  or  deep  incision 
at  anterior  commissure,  forming  the  bilobate  out¬ 
line  and  emarginate  anterior  commissure.  The  lobes 
are  always  anteriorly  directed,  strongly  elongated, 
and  symmetrical  or  asymmetrical,  producing 
various  outlines:  ovate,  elongate  ovate,  lens-shaped, 
broadly  triangular,  narrowly  triangular  and  band¬ 
shaped  (Fig.  2). 

The  hinge  line  is  recessed  for  reception  of  the 
dorsal  valve,  only  seen  in  dorsal  view,  and  very 
short,  as  characteristic  of  lyttoniids.  The  attach¬ 
ment  ring  on  the  posterior  area  is  commonly  very 
large,  reflecting  some  cylindrical  object,  most  likely 
crinoid  stems,  a  feature  also  characteristic  of  many 
Lyttonioidea.  The  ventral  sulcus  of  permianellids 
begins  at  the  umbo,  truncated  by  incision.  The 


dorsal  fold  is  usually  flatly  elevated.  The  types  of 
lateral  margins  of  the  ventral  valve  are  of  generic 
importance  in  permianellids.  Dicystoconcha  Termier 
et  al.  and  Litocothia  Grant  usually  lack  marginal 
brim  around  the  lateral  edge.  However,  Pennianella 
He  &  Zhu  has  an  irregular  wing-shaped  marginal 
brim  around  the  lateral  edge  and  Laterispina  Wang 
&  Jin  has  a  complicated  spine-like  marginal  brim. 
The  surface  of  both  valves  is  smooth  except  for 
some  fine  concentric  growth  lines.  There  are  no 
spines  or  endospines  in  permianellids,  which  readily 
distinguishes  them  from  common  productids.  The 
genus  Laterispina  Wang  &  Jin  has  a  spine-like 
marginal  brim  along  the  lateral  edge  of  the  ventral 
valve,  but  these  ‘spines’  arc  completely  different 
from  productid  spines  since  they  do  not  penetrate 
the  shell  and  probably  are  rolled  up  by  the  marginal 
brim. 

Internal  morphology.  On  the  internal  face  of  the 
ventral  valve  of  permianellids,  there  are  two  small 


Fig.  2.  Various  outlines  of  permianellids.  A,  Laterispina  liaoi  Wang  &  Jin.  B,  C,  H,  I,  K,  Dicystoconcha 
lapparenti  Termier  et  al.  D,  Permianella  grunti  Shen  &  Shi.  E,  ‘LoczyellaV  parvula  Licharew.  F,  Litocothia 
cateora  Grant.  G,  Laterispina  parallela  Shen  et  al.  J,  Permianella  typica  He  &  Zhu. 
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recessed  teeth  (He  &  Zhu  1979:  pi.  1,  fig.  lb; 
Wang  &  Jin  1991:  pi.  2.  fig.  6).  The  central 
platform  is  characteristic  of  permianellids  despite 
its  variation  among  the  genera.  In  the  genus 
Litocothia  Grant,  the  central  platform  is  represented 
by  a  rounded-crest  median  ridge  like  some  other 
lyttoniids.  In  other  genera  the  central  platform  is 
usually  hollow  and  trapezoid  in  transverse  section, 
but  becomes  triangular  posteriorly  and  filled  by 
irregular  inner  septa  in  the  youngest  species 
Laterispina  parallela  (Shcn  et  al.  1994:  pi.  2, 
figs  1,  2,  8,  9).  A  median  septum,  commonly 
greatly  enlarged  and  thickened  posteriorly,  is 
usually  distorted  and  hence  easily  mistaken  as  a 
lateral  septum.  In  some  species  two  lateral  septa 
are  well  developed  on  the  central  platform.  Septa 
are  short  or  long.  A  muscle  scar  is  probably  located 
on  the  central  platform,  perhaps  symmetrical,  but 
inconspicuous  (Fig.  3A). 

In  the  dorsal  valve  the  sockets  are  roundly 
triangular,  defined  by  inner  socket  ridges  (Wang 
&  Jin  1991:  487,  text-fig.  3E).  Cardinal  processes 
are  formed  from  two  convergent  inner  socket 
ridges,  spherical  and  slightly  higher  than  the 
hinge  line  (Wang  &  Jin  1991:  487,  text-fig.  3F). 
Brachiophore  processes  are  unknown  for  Dicysto- 
concha  and  Litocothia,  but  well  developed  in  the 
younger  genus  Laterispina  Wang  &  Jin  (Shcn 
et  al.  1994:  pi.  2,  figs  4,  6).  These  two  processes, 
which  are  very  similar  to  crura  in  some  rhyncho- 
nellids,  are  rod-like,  strongly  projecting  into  the 
ventral  cavity.  Two  low  longitudinal  brachial  ridges, 
beginning  from  the  floor  of  brachiophores,  extend 
anteriorly  for  more  than  two  thirds  of  the  shell 
length.  The  inner  edge  at  the  lateral  margin  is 
commonly  thickened  and  has  a  long  marginal  ridge 
well  articulated  with  the  corresponding  groove  of 
the  ventral  valve.  The  inner  surface  of  both  valves 
is  smooth  (Fig.  3B). 


The  shell  fabric  in  the  Permianellidae  consists 
of  an  external  pscudopunctate  layer,  often  relatively 
thick  and  an  internal  lamellar  layer  as  in  the 
common  lyttoniids.  Shell  fibres  commonly  curve 
outwards  along  pseudopuncta.  The  pseudopunctate 
layer  of  the  dorsal  valve  is  commonly  thickened 
posteriorly.  The  attachment  ring  has  a  pseudo¬ 
punctate  layer  only  (Shen  et  al.  1994;  Shen  & 
Tazawa  1997). 

Lithology.  The  strata  yielding  permiancllid  fossils 
are  most  commonly  composed  of  mudstone,  lime¬ 
stone  or  argillaceous  limestone.  Permianellids  are 
also  found  in  siliceous  limestones,  and  tuffaceous 
sandstones.  Associated  organisms  are  usually 
various,  but  normally  including  benthic  organisms 
such  as  crinoids,  corals,  fusulinids  and  bryozoans, 
indicating  a  normal  shallow  marine  environment. 

Life  habits.  All  permianellids  have  an  attachment 
ring  on  the  posterior  edge  of  the  ventral  valve, 
suggesting  that  they  were  attached  at  the  beak  and 
the  shells  probably  rotated  around  their  attached 
objects,  changing  their  orientation  in  response  to 
the  changing  currents.  However,  serial  sections 
(Shen  et  al.  1994:  478,  fig.  1.1-1 .3)  seem  to 
eliminate  the  possibility  that  permianellids  could 
slide  down  and  up  during  their  living  time.  The 
attachment  ring  is  usually  incompletely  circular 
and  either  open-ended  or  occasionally  joined  to 
form  an  enclosed  circle  at  posterior  end.  The 
circular  or  semi-circular  attachment  structure 
suggests  that  permianellids  were  attached  to  some 
cylindrical  objects  and  belong  to  the  higher  epizoan 
suspension  feeders  (Wang  &  Jin  1991).  Well- 
preserved  specimens  usually  show  that  the  attached 
objects  are  crinoid  stems.  Several  individuals 
attached  to  a  crinoid  stem  were  also  reported  (Mou 
&  Liu  1989:  pi.  1,  figs  6,  7;  Wang  &  Jin  1991: 
pi.  1,  fig.  8),  indicating  their  population  life.  The 


Fig.  3.  Internal  details  of  permianellids  (after  Wang  &  Jin  1991,  revised  by  Shen  et  al.  1994).  A,  ventral  valve; 
a.r.,  attachment  ring;  t.,  teeth;  m.s.,  median  septum;  c.pl.,  central  platform;  i.s.,  internal  septum.  B,  dorsal  valve; 
c.p.,  cardinal  process;  s.,  socket;  b.p.,  brachiophore  process;  l.r.,  longitudinal  ridge;  f.,  flange. 


TAXONOMY,  STRATIGRAPHY  AND  PALAEOBIOGEOGRAPHY  OF  PERMIANELLIDS 


271 


habits  of  living  benthos  attached  to  crinoids  have 
been  well  documented  among  dead  brachiopods, 
especially  among  lyttoniids  (Wanner  1935:  243, 
248,  pis  6-9;  Stehli  1954:  pi.  19,  fig.  1;  Wright 
1968:  263;  Cooper  &  Grant  1974:  pi.  127, 
figs  19-21,  pi.  164,  figs  9-11;  Grant  1963:  136, 
1976:  166,  pi.  30,  figs  19-23). 

In  view  of  permianellids  bilobate  shell  and 
usually  elongate  outline,  it  can  be  interpreted  that 
the  permianellids  may  have  hung  their  shells 
obliquely  or  vertically  on  the  host  above  the 
substrate  (Fig.  4).  Their  lobes  strongly  project 
anteriorly,  indicating  free  growth  expansion 
anteriorly.  The  freely  suspended  living  state 
suggests  that  they  do  not  need  very  strong  muscles 
to  open  their  valves.  Individual  permiancllid 
specimens,  obliquely  or  horizontally  attached  on 
the  host,  arc  usually  curved  dorsally.  The  lopho- 
phore  of  permianellids  are  simply  schizolophous. 
The  complicated  marginal  brims  of  the  ventral 
valve  suggest  that  at  least  part  of  their  mantle  was 
exposed. 

Remarks.  It  is  generally  accepted  that  permian¬ 
ellids  belong  to  the  Superfamily  Lyttonioidea 
Waagen  in  view  of  their  distinctive  hinge 
area,  bilobate  outline,  pseudopunctate  shell  fabric 
and  the  total  lack  of  spines  or  endospines.  How¬ 
ever,  the  position  of  permianellids  within  the 
Lyttonioidea  has  been  a  matter  of  considerable 
difference.  Wang  &  Jin  (1991)  and  Shen  et  al. 
(1994)  considered  that  the  permianellids  should 
belong  to  an  independent  family,  whereas  Brunton 
et  al.  (1995)  placed  them  in  the  Family  Lyttoniidae 
Waagen,  as  a  subfamily  (Pcrmianellinac  He  & 
Zhu).  The  Lyttoniidae  brachiopods  are  characterised 
by  their  typically  lobate  dorsal  valve  and  relatively 
complete  ventral  valve  equipped  with  a  comple¬ 
mentary  septal  apparatus.  No  teeth  arc  found  in 
the  ventral  valve  except  for  a  pair  of  striated, 
convex  surfaces  occurring  in  the  apical  region. 
Unlike  the  Lyttoniidae,  permianellids  arc  dis¬ 
tinguished  by  relatively  stronger  teeth.  More 
importantly,  the  ventral  valve  of  permiancllid 
brachiopods,  corresponding  to  their  dorsal  valve, 
is  also  bilobated.  The  septal  apparatus,  which  is 
well  developed  in  Lyttoniidae,  are  completely 
absent  in  permianellids.  Besides,  all  permianellids 
possess  a  distinctive  attachment  scar.  Youngest 
representatives  of  the  permianellids  have  a  very 
complicated  central  platform.  Therefore,  we  con¬ 
sider  that  permianellids  represent  an  independent 
family  in  the  Superfamily  Lyttonioidea  Waagen. 


Fig.  4.  Living  style  of  permianellids. 
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Nevertheless,  the  validity  of  Permianellidae 
He  &  Zhu  is  still  challenged  by  the  subfamily 
Loczyellinae  proposed  by  Licharew  (1937).  The 
genus  Loczyella  was  proposed  by  Freeh  (1901) 
with  the  type  species  Loczyella  nankingensis  Freeh 
(Freeh  1901:  503,  pi.  567,  fig.  I5a-f)  from  the 
Chihsia  Formation,  Nanjing,  Jiangsu  of  China. 
However,  Loczyella  nankingensis  was  defined  based 
on  a  single  incomplete  and  slightly  crushed  speci¬ 
men.  This  specimen  does  look  like  some  lyttoniids 
and,  possibly,  is  a  permianellid  in  terms  of  its 
external  character  such  as  concavo-convex  profile, 
elongate  outline  and  dense  concentric  lines  and 
no  spines  on  the  surface  (see  Wang  et  al.  1964: 
228.  pi.  35,  figs  5,  6,  8-11).  Licharew  (1930) 
described  several  specimens  from  the  Upper 
Permian  of  North  Caucasus  as  Loczyella ?  parvula 
Licharew,  and  then  (Licharew  1937:  132)  proposed 
the  subfamily  Loczyellinae  and  considered  that 
Loczyellinae  is  much  more  allied  to  the  Productidae 
than  to  the  Lyttoniidae.  The  specimens  of 
Loczyella'!  parvula  from  Caucasus  are  permianellids 
(Jin  Yugan,  pers.  comm.).  Recently,  a  similar 
specimen  from  Transcaucasia  has  been  named 
as  Perrnianella  grunti  Shen  &  Shi  (1997:  22, 
pi.  1,  figs  1-7).  However,  it  is  still  unknown 
whether  the  single  specimen  of  Loczyella  nankin¬ 
gensis  Freeh  is  a  permianellid  or  not.  If  Loczyella 
nankingensis  Freeh  is  a  permianellid,  then  the 
family  Permianellidae  He  &  Zhu  becomes  a  junior 
synonym  of  Loczyellinae  Licharew. 


Genus  Dicystoconcha  Termier  et  al.,  1974 

Dicystoconcha  Termier  et  al.  1974:  122. — Wang  &  Jin 
1991:  495. 

Guangjiayanella  Yang  1984:  212. 

Guangdongina  Mou  &  Liu  1989:  459. 

Dipunctella  Liang  1982:  228;  1990:  371. 

Obliqunsleges  Liang  1990:  373. 

Tenerella  Liang  1990:  374. 

Paristeges  Liang  1990:  376-378. 

Fabulasleges  Liang  1990:  381. 

Sicyusella  Liang  1990:  383. 

Type  species.  Dicystoconcha  lapparenti  Termier  et  al., 
1974. 

Diagnosis.  Shell  small  to  medium  in  size, 
elongate  bilobatc  or  ovate  in  outline,  concavo-  or 
plano-convex;  with  sulcus,  fold,  incision  and 
attachment  ring;  anterior  incision  shallow,  depth 
less  than  half  of  shell  length;  marginal  brim  not 
developed  along  the  lateral  sides  of  ventral  valve. 


Ventral  interior  with  teeth  and  central  platform- 
two  septa  developed  on  central  platform.  Dorsal' 
interior  with  cardinal  processes  and  long  brachial 
ridges.  Shell  pseudopunctate. 

Remarks.  The  internal  details  of  the  type  specimen 
of  Dicystoconcha  from  central  Afghanistan  figured 
by  Termier  et  al.  (1974)  are  still  unknown.  There¬ 
fore,  the  distinction  between  Dicystoconcha  and 
other  permianellid  genera  is  actually  unclear. 
Similar  specimens  from  Inner  Mongolia,  China, 
which  were  studied  by  Wang  &  Jin  (1991)' 
show  that  Dicystoconcha  probably  differs  from 
Perrnianella  and  Laterispina  in  its  absence  of  any 
marginal  brim  along  the  lateral  commissure, 
relatively  shallow  anterior  incision  and  two  septa 
on  the  central  platform. 

Distribution.  Kungurian  and  Guadalupian;  Afghan¬ 
istan,  South  China,  Northeast  China  and  Southern 
Primoryc  of  Russia. 

Species  assigned 

Dicystoconcha  lapparenti  Termier  et  al.  1974:  123, 
pi.  22,  figs  1,  2;  Wang  &  Jin  1991:  495,  pi  l 
figs  1-9;  pi.  3,  figs  1-7. 

Synonyms 

Guangjiayanella  guangjiayanensis  Yang  1984:  212 

pi.  31,  figs  12-16. 

Guangdongina  xiaomaoensis  Mou  &  Liu  1989:  458, 
pi.  1,  figs  1-9;  pi.  2,  figs  1-7;  text-fig.  5. 
Guangdongina  perforans  Mou  &  Liu  1989:  459,  pi.  2 
fig.  8;  pi.  3,  figs  1-3. 

Guangdongina  leguminiformis  Mou  &  Liu  1989:  458, 
pi.  3,  figs  4-8. 

Guangdongina  sp.  Mou  &  Liu  1989:  459,  pi.  2,  fig.  9. 
Loczyella'!  parvula  Likharew  &  Kotljar  1978:  pi.  21 
figs  3-4. 

Dipunctella  stenosulcata  Liang  1982:  228,  pi.  100, 
figs  8-9. 

Obliqunsleges  distortus  Liang  1990:  373,  pi.  42,  fig  12- 
pi.  43,  fig.  9. 

Tenerella  usualisa  Liang  1990:  374,  pi.  42,  figs  5-8- 
pi.  43,  figs  1-4,  10-13;  text-fig.  49. 

Paristeges  contracta  Liang  1990:  378,  pi.  43,  figs  7-8. 
Paritisteges  equilateialis  Liang  1990:  379,  pi.  42  figs 
16-17. 

Paritisteges  lalesulcata  Liang  1990:  380,  pi.  42,  figs  1-2. 
Fabulasteges  planata  Liang  1990:  381,  pi.  42,  figs  3^4, 
Sicyusella  regularisa  Liang  1990:  383,  pi.  43,  figs  5-6. 


Genus  Litocothia  Grant,  1976 
Litocothia  Grant  1976:  166. 

Type  species.  Litocothia  cateora  Grant  1976. 
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Diagnosis.  Shell  small;  transversely  triangular  in 
outline;  bilobate  with  a  deep  median  sulcus; 
forming  a  shallow  incision  at  the  middle  part  of 
the  anterior  commissure;  beak  area  with  a  circular 
attachment  ring.  Surface  smooth  except  dense 
growth  lines,  internal  surface  entirely  smooth. 
Ventral  interior  with  a  high  ridge  caused  by  the 
deep  sulcus,  but  without  septum.  Dorsal  valve 
unknown. 

Comparison.  Litocothia  differs  from  other  genera 
of  the  Pcrmianellidae  in  its  smaller  size,  median 
ridge  inside  the  ventral  valve,  and  a  shallow 
incision. 

Distribution.  Wordian  (Guadalupian);  Ko  Muk, 
Thailand. 

Species  assigned 

Litocothia  cateora  Grant  1976:  166,  pi.  30,  figs  19-23. 


Genus  Permianella  He  &  Zhu,  1979 

Permianella  He  &  Zhu  1979:  132,  137. — Wang  &  Jin 
1991:  495-496. 

Type  species.  Permianella  typica  He  &  Zhu  1979. 

Diagnosis.  Shell  medium  to  large,  elongate 
bilobate  in  outline,  concavo-convex  or  plano¬ 
convex;  with  sulcus,  fold  and  incision;  anterior 
incision  very  deep,  attaining  more  than  half  shell 
length;  irregular  marginal  brim  well  developed 
along  the  lateral  sides  of  the  ventral  valve.  Ventral 
interior  with  teeth  and  central  platform;  median 
septum  developed  on  central  platform.  Dorsal 
interior  with  cardinal  process  and  long  brachial 
ridges.  Shell  pseudopunctate. 

Distribution.  Guadalupian  to  Changhsingian; 
South  China,  Thailand,  Northeast  Japan  and 
Transcaucasia. 

Species  assigned 

Permianella  typica  He  &  Zhu  1979:  132,  137,  pi.  1, 
fig.  la,  b;  pi.  2,  figs  1-3;  pi.  3,  figs  1-3. — Wang  & 
Jin  1991:  496,  pi.  2,  figs  1-3. 

Permianella  grunti  Shen  &  Shi  1997:  22,  pi.  1,  figs  1-7. 
TLoczyella'l  parvula  Licharew  1930:  436,  text-figs  1-2; 
1937:  83,  pi.  13,  figs  25-27;  Sarytcheva  et  al.,  1960: 
238,  pi.  42,  fig.  5a,  b. 

Synonyms 

Permianella  sp.  He  &  Zhu  1979:  133,  139,  pi.  1, 
figs  2-3. 


Permianella  sp.  Tazawa  1987:  figs  19-20. 

Dipunctella  contracla  Liang  1982:  229,  pi.  102,  fig.  3. 
Permianella  sp.  Yanagida  et  al.  1988,  pi.  27,  figs  11-13. 


Genus  Laterispina  Wang  &  Jin,  1991 
Laterispina  Wang  &  Jin  1991:  496-497. 

Type  species.  Laterispina  liaoi  Wang  &  Jin,  1991. 

Diagnosis.  Shell  generally  large  in  size,  outline 
bilobate,  triangular  or  belt-shaped;  with  sulcus  in 
ventral  valve;  incision  very  deep;  lateral  com¬ 
missure  with  fence-shaped  marginal  brim.  Ventral 
interior  with  a  complicated  central  platform  and 
median  septum;  internal  septa  within  hollow  central 
platform  well  developed.  Dorsal  interior  with 
brachial  processes  and  long  longitudinal  brachial 
ridges.  Shell  pseudopunctate. 

Comparisons.  Laterispina  differs  from  Permianella 
and  Dicystoconcha  in  having  a  complicated  fence¬ 
shaped  margin  along  lateral  side.  The  margin  of 
Permianella  is  usually  irregular  and  wing-shaped. 
Dicystoconcha  lacks  margin  and  a  very  shallow 
incision. 

Distribution.  Guadalupian  to  Changhsingian;  South 
China  and  northeast  Japan. 

Species  assigned 

Laterispina  liaoi  Wang  &  Jin  1991:  497,  pi.  2,  figs  4-12. 
Laterispina  parallela  Shen  et  al.  1994:  478;  pi.  1,  figs 
1-12;  pi.  2,  figs  1-11,  14;  text-figs  1-5. 


CHRONOSTRATIGRAPHY  AND 
PALAEOBIOGEOGRAPHY  OF 
PERMIANELLIDS 

As  listed  above,  a  large  number  of  pcrmianellid 
species  have  been  reported  by  different  authors 
under  various  names,  herein  we  group  them  into 
four  genera  including  Dicystoconcha  Termier  et  al. 
1974;  Permianella  He  &  Zhu  1979;  Litocothia 
Grant  1976  and  Laterispina  Wang  &  Jin  1991. 
From  the  tabulated  data  above,  the  earliest  occur¬ 
rence  of  permianellids  is  probably  Dicystoconcha 
Termier  et  al.  from  the  top  part  of  the  Maan 
Member  of  the  Chihsia  Formation  in  South  China. 
Litocothia  possesses  a  very  small  size  and  a  short 
triangular  outline,  however,  its  hinge  line  and 
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bilobate  outline  clearly  indicates  a  close  affinity 
with  the  genus  Pertnianella  He  &  Zhu.  The  age 
of  the  Rat  Buri  Limestone  yielding  Litocothia 
is  under  great  dispute.  Grant  (1976)  considered  it 
to  be  late  Artinskian  based  on  his  brachiopod 
analysis.  A  few  fusulinaceans  were  identified  by 
Sakagami  (1969)  as  Neofusulinella  and  Ozawainella 
and  a  few  bryozoans  described  by  Sakagami  (1970) 
from  the  same  locality  were  also  considered  to 
be  of  late  Artinskian.  However,  Waterhouse  in 
Waterhouse  et  al.  (1981)  analysed  the  Rat  Buri 


brachiopod  ranges  and  argued  for  a  Kungurian  age. 
The  Amb  fauna  matched  with  the  Rat  Buri  faunas 
by  Grant  (1976)  is  now  redated  to  be  Wordian  in 
terms  of  conodonts  (Wardlaw  &  Pogue  1995). 
Another  brachiopod  fauna  similar  to  the  Rat  Buri 
fauna  and  the  Amb  brachiopod  fauna  of  the  Salt 
Range  is  the  Khuff  brachiopod  fauna  from  the 
Huqf  area  on  the  southern  margin  of  the  Arabian 
Peninsula.  The  Khuff  fauna  is  clearly  of  Middle 
Guadalupian  [Wordian  (Murgabian)]  age  based  on 
conodonts  and  bivalves  (Angiolini  et  al.  1996). 


Fig.  5.  Stratigraphical  range  of  species  in  Permianellidae.  (Time  scale  after  Jin  et  al.  1997.) 
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During  the  late  Guadalupian  and  Lopingian 
permianellids  became  abundant.  The  uppermost 
horizon  of  permianellids  is  about  several  centi¬ 
metres  below  the  Permian-Triassic  boundary  (Shcn 
et  al.  1994)  (Fig.  5).  Although  all  permianellids 
have  a  bilobate  outline  and  pseudopunctate  shell 
structure,  the  shape  and  outline  evidently  changed 
with  time.  The  permianellids  of  the  Kungurian  and 
the  Wordian  are  usually  small,  possess  a  shallow 
incision  at  the  middle  of  the  anterior  margin  and 
lack  a  marginal  brim  along  the  lateral  commissure, 
as  represented  by  Dicystoconcha  and  Litocothia. 
Permianellids  of  the  Lopingian,  such  as  Pennianella 
and  Laterispina ,  largely  have  a  relatively  long 
outline,  deep  incision,  and  complicated  marginal 
brim.  The  internal  structure  of  permianellids  has 
received  little  study  because  of  lack  of  suitable 
material  or  poor  preservation.  Nevertheless,  the 
central  platform  normally  becomes  complicated 
as  revealed  by  the  serial  sections  made  by  Shen 
et  al.  (1994). 


Localities  yielding  permianellids  in  the  world 
are  shown  in  Fig.  6.  Permianellids  are  found  in 
limestone,  mudstone  and  siliceous  rocks  which 
suggest  their  wide  adaptation  to  different  environ¬ 
ments,  but  they  are  restricted  geographically. 
Permianellids  were  mainly  confined  to  the  Cathay- 
sian  Province  of  the  Eastern  Tethys,  the  mixed 
zones  between  the  Boreal  and  Palaeotethyan 
Realms,  and  between  the  Tethyan  and  Gondwanan 
Realms  (Fig.  7). 

Permianellids  coexist  in  the  lower  part 
(Kubergandian)  of  the  Kanokura  Formation  of 
the  Kitakami  Mountain  of  northeast  Japan  with 
the  fusulinids  Monodiexodina  matsubaishi  and 
Chusenella  chosiensis,  and  the  brachiopod  Tran- 
sennatia  gratiosus,  Stenoscisma  humbletonensis, 
Mesolobus  sinuosa,  Urushtenoidea  maceus, 
Waagenoconcha  imperfecta,  Spiriferellina  cristata 
and  Martinia  sp.  (Tazawa  1987).  Recently,  Tazawa 
(1991,  1992)  stated  that  Pennianella  is  associated 
with  the  Tethyan-type  genera  Leptodus,  Spino- 


Fig.  6.  Map  showing  the  palaeogeographical  distribution  of  Pennianellidae.  1.  Kitakaini  Mountains,  Japan; 
2.  Primorye,  Russia;  3.  Yanbian,  Jinlin,  China;  4.  Zalute  Qi,  Inner  Mongolia,  China;  5.  North  Caucasus,  Russia; 
6.  Dorasham,  Nakhichevan;  7.  Central  Afghanistan;  8.  Huayinshan,  Sichuan,  China;  9.  Chongqing,  Sichuan,  China; 
10.  Nantong,  Sichuan,  China;  II.  Zigui,  Hubei,  China;  12.  Lengwu  Zhejiang,  China;  13.  Fusui,  Guangxi,  China; 
14.  Laibin,  Guangxi,  China;  15.  Jiahe,  Hunan,  China;  16.  Yichun.  Jiangxi,  China;  17.  Guangzhou,  Guangdong, 
China;  18.  Tha  Wang  Pha,  Thailand;  19.  Ko  Muk,  Thailand. 
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marginifera,  Richthofenia,  Meekella,  Rhipidomella , 
Geyerella,  Edriosteges ,  Transennatia,  Ortholheiina , 
Tyloplecla ,  Permundaria,  Urushtenoidea  and  Cryp- 
tospirifer,  as  well  as  with  Boreal-type  or  bipolar 
genera  Yakovlevia,  Cancrinella,  Waagenoconclia, 
Spiriferellci  and  Neospirifer.  Besides,  the  lower 
part  of  the  Kanokura  Formation  also  contains  the 
brachiopods  Orbiculoidea,  Isogramma ,  Strepto- 
rhynchus,  Kiangsiella,  Schuchertella,  Orthotetes , 
Waagenites,  Mesolobus ,  Chonetes ,  Wytkina,  Costi- 
ferina ,  Echinoconchus ,  Nantanellci,  Hustedia , 
Uncinulus,  Spiriferellina,  Punctospirifer ,  Calli- 
spirina ,  Phricodothyris ,  Martinia  and  Whitspakia. 
The  above-mentioned  brachiopod  elements  show 
that  this  fauna  is  a  mixed  one  between  the 
Cathaysian  Province  and  the  Boreal  Realm,  as 
already  discussed  by  Tazawa  (1991,  1992),  Shi 
et  al.  (1995)  and  Shi  &  Zhan  (1996). 

It  is  noticeable  that  pcrmiancllids  ( Dicysto - 
concha)  were  also  found  in  the  Kedao  Formation 
in  the  Yanbian  district  of  Jilin  and  the  Liutiaogou 
Formation  in  Zalute  Qi  of  Inner  Mongolia.  In 
the  Kedao  Formation  the  Tethyan-type  fusulinids 
Neoschwagerina ,  Schubertella,  Yabeina  and  Verbee- 
kina  were  reported,  suggesting  a  correlation  with 
the  Kuhfengian  of  South  China  (Bureau  of  Geology 
and  Mineral  Resources  of  Jilin  Province  1988). 
However,  the  fauna  from  the  lower  part  of  the 
Kedao  Formation  in  the  Kaishantan  and  Yanji 


districts  contains  Schuchertella ,  Geyerella,  Plico- 
chonetes,  Waagenites,  Hemichonetes,  Aulosteges , 
Marginifera,  Spinomarginifera,  Waagenoconclia, 
Dictyoclostus,  Permundaria,  Yakovlevia,  Lcptodus, 
Stenoscisma,  Neospirifer  and  Spiriferella,  which 
indicate  the  mixed  character  between  the 
Cathaysian  and  Boreal  faunas  (Tazawa  1991 , 
1992;  Shi  &  Zhan  1996). 

In  Zalute  Qi  of  Inner  Mongolia,  the  genus 
Dicystoconclia  is  found  in  the  Liutiaogou  Formation 
which  mainly  consists  of  grey  or  dark  grey  lime¬ 
stone  and  siltstone  containing  abundant  fusulinids, 
corals  and  brachiopods.  The  main  elements  include: 
fusulinids  Parafusulina  gruperaensis,  Skinnerina 
sp.,  Codonofusiella  laxa,  Reichelinal  sp.;  corals 
Liangshanophyllum  sinense,  Wentzelella  sp.. 
Waagenophyllum  indicum,  Calophyllum  sp.;  and 
brachiopods  Enteletes  cf.  andrewsi,  Derby  el  la  sp., 
Cryptospirifer  sp.,  Hustedia  grandicosta,  H.  exilis, 
Streptorhynchus  cf.  pelargonatus,  Waagenites  de- 
planta,  Spinomarginifera  jisuensis,  Urushtenia  aff. 
crenulata,  Spiriferella  sp.,  Stenoscisma  purdoni, 
Neospirifer  moosakhailensis,  Richthofenia ?  sp., 
Haydenella  sp.  and  Uncinunellina  sp.  According 
to  this  list,  almost  all  fusulinids,  corals  and 
most  brachiopods  are  Tethyan-type  elements.  How¬ 
ever,  the  brachiopod  Spiriferella  and  Neospirifer 
suggest  significant  links  with  those  of  the  Boreal 
Realm. 


Fig.  7.  Distribution  of  Permianellidae  (shadow  area)  in  the  Tethys.  (Base  map  after  Ziegler  et  al.  1997;  Kazanian.) 
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Likharew  &  Kotljar  (1978)  reported  two  speci¬ 
mens  under  the  name  Loczyellal  parvula  Likharew 
(pi.  21,  figs  3^t)  from  the  late  Guadalupian 
Metadoliolina  lepida  Zone  in  Primorye,  Russia. 
These  specimens  resemble  very  closely  Dicysto- 
concha  in  outline.  Other  common  brachiopod  rep¬ 
resentatives  in  the  same  zone  include  Orthotichia 
magifica ,  Tyloplecta  yangtzeensis,  Transennatia 
gratiosus ,  Haydenella  tumida  (very  similar  to  H. 
kiangsiensis),  Echinauris  opunlia,  Cancrinella  sp., 
Compressoproducius  compressus,  Spinomarginifera 
jisuensis,  Marginifera  lypica,  Edriosteges  poyan- 
gensis,  Leptodus  richthofeni,  Richthofenia  orien- 
lalis,  Spirifer  reedi,  S.  wynnei ,  Squamularia  grandis 
etc.,  most  of  which  are  common  elements  in  the 
Permian  of  the  Cathaysian  Province. 

A  permianellid  specimen,  Permianella  grwiti 
Shen  &  Shi,  was  also  found  in  the  Djhulfian 
Araxoceras  Bed  in  Dorasham  of  Transcaucasia 
(Shen  &  Shi  1997).  It  is  associated  with  the 
brachiopods  Acosarina  in  inula,  A.  dorashamensis , 
Orthothetina  dzhulfensis,  O.  peregrina ,  Spino¬ 
marginifera  spinocostata ,  Compressoproducius 
djulfensis,  Haydenella  kiangsiensis ,  Leptodus  rich- 
thofeni,  Oldhamina  transcaucasia,  Araxathyris 
protea  and  Permophricodothyris  ovata;  the  nauti- 
loid  Lopingoceras  lopingense ;  and  the  ammonoids 
Pseudogastrioceras  abichiancwn  and  Araxoceras 
latum.  The  associated  brachiopod  fauna  shows  that 
it  is  undoubtedly  typical  Tcthyan-type  (Ruzhentsev 
&  Sarytcheva  1965;  Kotljar  et  al.  1983).  Similar 
specimens  from  the  Upper  Permian  of  North 
Caucasus  were  previously  described  by  Licharew 
(1930,  1937),  but  their  generic  states  arc  still 
unknown. 

Pcrmianellids  have  been  reported  from  1 1 
localities  of  South  China  in  the  Cathaysian 
Province.  They  are  usually  associated  with:  the 
fusulinids  Metadolina ,  Schwagerina,  Parafusulina , 
Palaeofusulina ;  the  ammonoids  Shouchangoceras, 
Altudoceras ,  Paraceltites ;  and  the  brachiopods 
Tyloplecta,  Cathaysia,  Urushtenia ,  Haydenella, 
Edriosteges,  Leptodus,  Oldhamina  and  Peltichia. 

Yanagida  et  al.  (1988)  reported  that  Permianella 
was  associated  with  Chonetinella  sp.,  Marginifera 
sp.,  Derbyiinae  gen.  and  sp.  indet.,  Haydenella  ?sp„ 
and  some  bryozoans,  bivalves,  ammonoids  and 
small  foraminifers  in  north  Tha  Wang  Pha,  north 
Thailand.  The  list  of  brachiopods  suggests  an 
affinity  with  the  Cathaysian  faunas.  Grant  (1976) 
described  54  brachiopod  species  assigned  to 
51  genera  from  10  separate  limestone  hills  of 
southern  Thailand.  This  diverse  fauna,  containing 
Litocothia  cateora  Grant,  has  been  interpreted  as 
a  manifestation  of  the  much  broader  mid-Permian 
transitional  biogeographical  belt  between  the 


warm-water  Cathaysian  Province  and  the  cold-  to 
temperate  Gondwanan  Realm  (Shi  &  Archbold 
1995;  Shi  et  al.  1995). 

Based  on  the  faunal  analysis  and  palaeo- 
geographical  distribution  mentioned  above,  it  can 
be  concluded  that  permianellids  are  largely 
restricted  in  the  Cathaysian  Province  but  can  reach 
the  transitional  zones  between  the  Cathaysian  and 
Boreal  faunas,  and  between  the  Cathaysian  and 
Gondwanan  Provinces  spanning  30°S  and  30°N 
(Fig.  7)  according  to  the  palaeogeographical  map 
of  Ziegler  et  al.  (1997). 
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Middle  Permian  brachiopod  faunas  of  Japan  are  classified  into  two  types,  the  Boreal- 
Tcthyan  mixed  fauna  of  the  Inner  Mongolian-Japanese  Transition  Zone  and  the  Tethyan- 
North  American  mixed  fauna  of  the  Tropical  Panthalassan  Zone.  The  former  occurs  from 
pre-Triassic  accretionary  terranes,  the  South  Kitakami  Terrane  and  the  Akiyoshi  Terrane,  which 
were  probably  a  continental  shelf  and  a  trench  along  the  eastern  margin  of  the  Sino-Korean 
block,  respectively,  in  the  Middle  Permian  time.  The  latter  occurs  from  exotic  limestone  blocks 
in  the  Mino  Terrane,  an  Early  Jurassic  to  Early  Cretaceous  accretionary  terrane.  These  limestone 
blocks  were  probably  parts  of  reef-seamount  complexes  situated  at  the  mid-equatorial  region 
of  the  Panthalassa  in  the  Middle  Permian  time. 


DURING  the  last  decade  the  Permian  biogeography 
of  the  world  has  been  discussed  by  many  authors 
(Chaloner  &  Crcber  1988;  Xu  &  Yang  1988,  1994; 
Bambach  1990;  Ross  &  Ross  1990;  Ziegler  1990; 
Grunt  1995;  Shi  et  al.  1995;  Grunt  &  Shi  1997; 
Shang  &  Jin  1997;  Jin  &  Shang  1997).  The  Permian 
brachiopod  faunas  of  Japan  are  important  for  geo¬ 
graphical  and  biogeographical  reconstruction  of  the 
Northern  Hemisphere  in  that  time.  In  this  paper 
the  generic  composition  and  character  of  the 
Japanese  Middle  Permian  brachiopod  faunas  are 
summarised,  and  their  faunal  provincialism  is  dis¬ 
cussed  in  connection  with  pre-Neogene  tectonic 
divisions  of  the  Japanese  Islands. 


PRE-NEOGENE  TECTONIC  DIVISIONS 
OF  THE  JAPANESE  ISLANDS 

The  pre-Neogene  rocks  of  the  Japanese  Islands  are 
classified  into  the  following  nine  terranes  (Tazawa 
1993):  Hida  Terrane  (the  oldest  terrane  containing 
Precambrian  rocks  but  lacking  the  Permian),  South 
Kitakami  Terrane  (Middle  Ordovician  to  Early 
Devonian  accretionary  terrane  with  Permian  con¬ 
tinental  shelf  deposits),  Akiyoshi,  Suo,  Maizuru  and 
Ultra-Tanba  Terranes  (Middle  to  Late  Permian 
accretionary  terranes  with  trench-fill  deposits  of 
the  same  age;  only  the  Akiyoshi  Terrane  contains 
exclusively  Early  Carboniferous  to  Middle  Permian 
exotic  limestone  blocks),  Mino  and  Sanbagasva 
Terranes  (Early  Jurassic  to  Early  Cretaceous 
accretionary  terranes  with  Permian  exotic  limestone 


blocks)  and  Shimanto  Terrane  (Late  Cretaceous  to 
the  earliest  Neogene  accretionary  terrane  without 
the  Permian).  These  terranes  are  arranged  in  the 
NE-SW  direction,  subparallel  to  the  extension  of 
the  Japanese  Islands,  and  younging  towards  SE, 
from  the  Japan  Sea  side  to  the  Pacific  side 
(Fig.  1). 

The  geotectonic  framework  of  the  Japanese 
Islands  was  formed  through  long-term  subduction 
along  the  Sino-Korean  block  since  Middle 
Ordovician  (Tazawa  1993).  The  east-  or  southward 
thrust  movement  occurred  and  formed  several 
nappes  and  klippes,  such  as  the  Hida  Nappe 
(Komatsu  et  al.  1985),  South  Kitakami  Nappe 
(Tazawa  1988)  and  Kurosegawa  Klippe  (Isozaki 
&  Itaya  1991)  in  the  latest  Jurassic  to  earliest 
Cretaceous  time.  The  large  scale  left-lateral  strike- 
slip  motion  occurred  along  the  Tanakura  Tectonic 
Line  (TIL)  and  the  Median  Tectonic  Line  (MTL) 
in  the  Early  Cretaceous  to  Palaeogene  time  (Taira 
et  al.  1989;  Tazawa  1993).  And  finally,  the  opening 
of  the  Japan  Sea  caused  clockwise  rotation  of 
Southwest  Japan  and  counterclockwise  rotation  of 
Northeast  Japan  in  the  Early  Neogene  time  (Otofuji 
&  Matsuda  1983;  Otofuji  et  al.  1985). 


MIDDLE  PERMIAN  BRACHIOPOD  FAUNAS 
OF  JAPAN 

The  Middle  Permian  (Artinskian-Capitanian)  brachi¬ 
opod  faunas  of  Japan  are  divided  into  two  types, 
the  Boreal-Tethyan  mixed  fauna  and  the  Tethyan- 
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North  American  mixed  fauna.  As  shown  on 
Fig.  1  and  Table  1,  the  Boreal-Tethyan  mixed 
fauna  is  represented  by  those  of  the  South  Kitakami 
Terrane  (South  Kitakami  Belt  and  Hida  Gaien  Belt) 
and  the  Akiyoshi  Terrane  (Akiyoshi  Belt),  and  it 
contains  both  the  Boreal  and  Tethyan  elements. 
The  Tethyan-North  American  mixed  fauna  is 


represented  by  those  of  the  Mino  Terrane  (Ashio 
Belt  and  Mino  Belt),  and  it  contains  both  the 
Tethyan  and  North  American  elements. 

Boreal-Tethyan  mixed  fauna 

South  Kitakami  Terrane.  In  the  South  Kitakami 


I 


Tazawa  1993).  TTL,  Tanakura  Tectonic  Line;  MTL,  Median  Tectonic  Line;  1,  Hida  Terrane;  2,  South  Kitakami 
Terrane;  3,  Akiyoshi  Terrane;  4,  Suo  Terrane;  5,  Maizuru  Terrane;  6,  Ultra-Tanba  Terrane;  7,  Mino  Terrane; 
8,  Sanbagawa  Terrane;  9,  Shimanto  Terrane. 
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Brachiopoda  fauna 
[Faunal  province] 

Terrane 

[Belt] 

Middle  Permian  reconstruction 

I  Boreal-Tethyan  mixed  fauna 

Middle  Ordovician-Early  Devonian 

Continental  shelf  on  the  eastern 

[Inner  Mongolian-Japanese 

accretionary  terrane 

margin  of  the  Sino-Korea 

Transition  Zone] 

South  Kitakami  Terrane 
[South  Kitakami  Belt] 

[Hida  Gaien  Belt] 

Middle-Late  Permian  accretionary 

Trench  along  the  eastern  margin 

terrane 

Akiyoshi  Terrane 
[Akiyoshi  Belt] 

of  the  Sino-Korea 

II  Tethyan-North  American  mixed  fauna 

Early  Jurrasic-Early  Cretaceous 

Reef-seamount  complex  on  the 

[Tropical  Panthalassan  Zone] 

accretionary  terrane 

mid-equatorial  region  of  the 

Mino  Terrane 
[Mino  Belt] 

[Ashio  Belt] 

Panthalassa 

Table  1.  The  characters,  faunal  provinces,  localities  and  their  reconstruction  of  the  Japanese  Middle  Permian 
brachiopod  faunas. 


Belt,  Northeast  Japan,  the  Middle  Permian  brachio¬ 
pod  faunas  have  been  known  from  the  Kanokura 
Formation  of  Setamai,  Kamiyasse  and  Iwaizaki 
districts  in  the  southern  Kitakami  Mountains 
(Hayasaka  1922,  1925,  1960;  Hayasaka  &  Minato 
1956;  Mabuti  1935;  Nakamura  1959,  1960,  1970, 
1972a,  1979;  Tazawa  1974,  1976,  1979,  1987b; 
Tazawa  &  Araki  1984;  Minato  et  al.  1979; 
Shen  &  Tazawa  1997),  the  Oashi  Formation  of 
the  Soma  district  (Tazawa  &  Gunji  1982)  and 
the  Takakurayama  Formation  of  the  Takakurayama 
district  (Yanagisawa  1967;  Nakamura  1972b; 
Koizumi  1979)  in  the  Abukuma  Mountains.  These 
faunas  are  characterised  by  the  presence  of  both 
the  Boreal  and  Tethyan  elements.  The  Boreal- 
type  representatives  are  Yakovlevia ,  Cancrinella, 
Waagenoconcha,  Megousia ,  Stenoscisma ,  Spiri- 
ferella  and  Neospirifer,  and  the  Tethyan-type 
representatives  are  Leptodus,  Spinomarginifera, 
Richthofenia ,  Meekella,  Rhipidomella ,  Geyerella, 
Transennatici,  Oriholhetina,  Tyloplecta ,  Pennun- 
daria,  Urushtenoidea  and  Permianella. 

In  the  Hida  Gaien  Belt,  Central  Japan,  a  brachio¬ 
pod  fauna  of  early  Middle  Permian  age  was 
revealed  by  Horikoshi  et  al.  (1987)  from  the  lower 
part  of  the  Moribu  Formation  in  the  Moribu  district. 
The  Moribu  fauna  contains  the  Boreal  elements, 
Alispiriferella ,  Yakovlevia ,  Waagenocortcha ,  Rhom- 
bospirifer,  Stenoscisma ,  Cancrinella,  Megousia  and 
Neospirifer,  and  the  Tethyan  elements,  Urush¬ 
tenoidea,  Transennatia,  Leptodus,  Permundaria  and 
Enteletes.  Recently  a  Middle  Permian  brachiopod 
fauna  was  described  by  Tazawa  &  Matsumoto 
(1998)  from  the  lower  part  of  the  Oguradani 


Formation  in  the  Oguradani  district,  about  70  km 
SW  of  Moribu.  The  Oguradani  fauna  contains  the 
Boreal  elements  Stenoscisma  and  some  Tethyan 
elements,  Leptodus,  Transennatia  and  Meekella. 
The  Moribu  and  Oguradani  faunas  are  closely 
related  to  those  of  the  South  Kitakami  Belt,  South 
Primorye,  Northeast  China  and  Inner  Mongolia  in 
generic  and  specific  levels. 

In  Central  Kyushu,  Southwest  Japan,  a  Middle 
Permian  brachiopod  fauna  was  described  by 
Yanagida  (1963)  from  the  upper  part  of  the  Mizu- 
koshi  Formation.  The  Mizukoshi  fauna  contains 
the  Boreal  elements,  Neospirifer  and  Spiriferella, 
but  no  Tethyan  elements.  The  lacking  of  the 
Tethyan-type  brachiopods  in  this  fauna  may  be 
owing  to  the  incomplete  material. 


Akiyoshi  Terrane.  A  brachiopod  fauna  of  late 
Middle  Permian  age  has  been  known  from  the 
Tsunctnori  Formation  in  the  Akiyoshi  district, 
Southwest  Japan  (Mabuti  1937;  Yanagida  1996). 
The  Tsunentori  fauna  contains  Spiriferella,  Alispiri¬ 
ferella,  Stenoscisma  and  Megousia  as  the  Boreal 
elements,  and  Gemmellaroia,  Leptodus,  Enteletes, 
Goniarina  and  Tyloplecta  as  the  Tethyan  elements. 
In  his  report  of  the  Tsunentori  fauna,  Yanagida 
(1996:  315)  mentioned  that  this  fauna  is  related  to 
that  of  the  Yangtze  Platform  (South  China).  How¬ 
ever,  the  Tsunemori  fauna  is  clearly  a  mixed  fauna 
of  the  Boreal  and  Tethyan  elements,  and  similar 
to  the  Middle  Permian  fauna  of  the  South  Kitakami 
Terrane  and  also  to  those  of  South  Primorye  and 
Northeast  China  in  generic  composition. 


284 


J.  TAZAWA 


Tethyan-North  American  mixed  fauna 

Mino  Terrane.  Recently,  a  Middle  Permian  brachi- 
opod  fauna  was  described  by  Tazawa  &  Shen 
(1997)  from  Hiyomo  in  the  Mino  Belt,  Central 
Japan.  The  brachiopods  were  collected  from  a 
limestone  block  in  the  Jurassic  melange,  widely 
distributed  in  the  Hiyomo  district.  The  Hiyomo 
fauna  contains  some  Tethyan  elements  such  as 
Enteletes,  Compressoproductus  and  Eolyttonia,  but 
lacks  completely  both  the  Boreal  and  Gondwanan 
elements.  It  is  noteworthy  that  the  Hiyomo  fauna 
contains  North  American  elements,  Glyptosteges, 
Cenorhynchia  and  Lepidospirifer ,  and  resembles  the 
Middle  Permian  (Leonardian  to  lower  Guadalupian) 
brachiopod  fauna  of  West  Texas  in  generic  and 
specific  levels.  Moreover,  the  presence  of  a  typical 
North  American-type  genus  Coscinophora  and  a 
Tethyan-type  genus  Pellichia  has  been  revealed 
by  Tazawa  (1997c)  and  Shen  (pers.  comm.), 
respectively,  from  the  lower  part  ( Parafusulina 
Zone)  of  the  Akasaka  Limestone  in  the  Akasaka 
district,  Mino  Belt,  Central  Japan.  Consequently, 
it  is  defined  that  the  Middle  Permian  brachiopod 
fauna  of  the  Mino  Terrane  is  the  Tethyan-North 
American  mixed  one  without  the  Boreal  and 
Gondwanan  elements. 

The  Nabeyama  fauna,  described  by  Hayasaka 
(1933)  from  the  lower  part  of  the  Nabeyama 
Limestone  in  the  Kuzu  district,  Ashio  Belt,  Central 
Japan,  contains  some  Tethyan  type  genera, 
Enteletes,  Meekella  and  Orthothetina,  but  several 
of  Boreal  aspect  arc  completely  absent.  This  fauna 
requires  re-study  because  the  presence  of  the 
Northern  American-type  brachiopods  is  strongly 
expected. 


MIDDLE  PERMIAN  BRACHIOPOD  FAUNAL 
PROVINCES  OF  JAPAN 

Based  on  brachiopods  and  other  marine  organisms 
the  following  four  realms  are  recognised  in 
the  Middle  Permian  time:  the  Boreal,  Tethyan, 
Gondwanan  and  Panthalassan  Realms.  Moreover, 
several  transitional  zones  may  be  added  in  the 
boundary  regions  (see  Shi  ct  al.  1995:  fig.  1). 
In  this  paper,  however,  only  two  faunal  zones 
concerning  the  Japanese  brachiopod  faunas,  the 
Inner  Mongolian-Japanese  Transition  Zone  and  the 
Tropical  Panthalassan  Zone,  are  discussed  and 
shown  on  Fig.  2. 

The  Inner  Mongolian-Japanese  Transition  Zone 
(Tazawa  1991)  occupies  the  area  of  eastern  sea  of 
the  Sino-Korean  block  and  the  boundary  region 


of  the  Boreal-Tethyan-Panthalassan  realms  of  the 
Northern  Hemisphere  in  the  Middle  Permian  time. 
This  transitional  zone  is  characterised  by  the 
presence  of  both  Boreal  and  Tethyan  elements  and 
is  represented  by  the  faunas  of  the  South  Kitakami 
and  Akiyoshi  Tcrranes  in  Japan,  South  Primorye, 
Northeast  China  and  Inner  Mongolia. 

The  Tropical  Panthalassan  Zone,  newly  proposed 
in  this  paper,  occupies  the  low  latitude  and 
mid  regions  between  the  Tethyan  sea  and  North 
American  continent.  This  zone  is  characterised  by 
a  very  distinctive  Tethyan-North  American  mixed 
fauna,  and  represented  by  some  faunas  from  the 
exotic  limestone  blocks  of  the  Mino  Terrane,  Japan. 


MIDDLE  PERMIAN  RECONSTRUCTION 
OF  JAPAN 

The  Middle  Permian  reconstruction  of  Japan  is 
summarised  as  follows  and  shown  on  Fig  2  and 
Table  1. 

The  Middle  Permian  of  the  South  Kitakami 
Terrane,  including  the  South  Kitakami  and  Hida 
Gaien  Belts,  is  composed  of  shallow-sea  continental 
shelf  deposits  (Tazawa  1988,  1989),  and  can  be 
correlated  with  those  of  South  Primorye,  North¬ 
east  China  and  Inner  Mongolia  in  both  litho- 
stratigraphy  and  fossil  contents  (Tazawa  1996, 
1997a).  The  Middle  Permian  brachiopod  faunas 
of  the  South  Kitakami  Terrane  are  characterised 
by  the  mixed  fauna  of  the  Boreal  and  Tethyan 
elements  (Tazawa  1987a,  1991,  1992;  Nakamura 
&  Tazawa  1990),  and  are  closely  related  to  those 
of  South  Primorye,  Northeast  China  and  Inner 
Mongolia.  From  the  above  data  the  Middle  Permian 
reconstruction  of  these  regions  is  considered  to  be 
the  continental  shelf  bordering  the  eastern  margin 
of  the  Sino-Korean  block,  which  was  present  at 
a  middle  northern  palaeolatitudc  and  near  the 
boundaries  of  the  Boreal-Tethyan-Panthalassan 
realms. 

The  late  Middle  Permian  Tsunemori  Formation 
in  the  Akiyoshi  Terrane  is  composed  of  deep-sea, 
trench-fill  deposits  (Kanmcra  1983;  Kanmera  & 
Sano  1986),  contrasting  to  those  of  the  South 
Kitakami  Terrane.  But  the  brachiopod  fauna  from 
the  Tsunemori  Formation  contains  both  the  Boreal 
and  Tethyan  elements,  similar  to  those  of  the  South 
Kitakami  Terrane  and  also  to  those  of  South 
Primorye,  Northeast  China  and  Inner  Mongolia. 
These  data  suggest  that  the  trench  accumulating 
the  sediments  of  the  Tsunemori  Formation  was 
located  at  the  front  of  eastern  margin  of  the  Sino- 
Korean  block  in  the  Middle  Permian  time. 
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Fig.  2.  Geographical  and  biogeographical  reconstruction  of  Japan  and  its  environs  in  the  Middle  Permian  time  (adapted  and  modified  from  Scotese  &  McKerrow 
1990;  Tazawa  1992).  Black  areas  are  continental  shelf  or  reef-seamount  complex.  Faunal  province;  I,  Inner  Mongolian-Japanese  Transition  Zone;  II,  Tropical 
Panthalassan  Zone;  BR,  Boreal  Realm;  GR,  Gondwanan  Realm;  PR,  Panthalassan  Realm;  TR,  Tethyan  Realm.  Continent  or  block:  AF,  Africa;  AN,  Antarctica; 
AR.  Arabia;  AU,  Australia;  E,  Europe;  G.  Greenland;  I,  India;  IC,  Indochina;  IR,  Iran;  K,  Kazakhstan;  NA,  North  America;  S,  Siberia;  SA,  South  America, 
SK,  Sino-Korea;  T.  Tarim;  TI,  Tibet;  TM,  Thai-Malaya;  Y,  Yangtze. 
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The  Middle  Permian  brachiopods  of  the  Mino 
Terrane  are  collected  from  the  exotic  limestone 
blocks  in  the  Jurassic  melange.  The  limestones 
often  occur  together  with  greenstones  (basaltic 
rocks).  From  the  palaeomagnetic  (Hattori  & 
Hirooka  1977.  1979),  sedimentological  (Sano  1988; 
Sano  &  Kanmera  1996)  and  palaeobiogeographical 
(Ishii  et  al.  1985;  Ozawa  1987;  Tazawa  1991,  1992) 
studies,  the  limestone-greenstone  blocks  are  con¬ 
sidered  to  have  originated  from  the  reef-seamount 
complexes  situated  at  the  equatorial  region  of  the 
Panthalassa  in  the  Permian  time.  But  there  was  no 
information  about  the  palaeolongitude  of  the  region. 
Now,  I  have  some  data  based  on  the  brachiopod 
faunas,  which  are  of  mixed  composition  of  the 
Tethyan-North  American  elements  and  shows  the 
mid  region  between  the  Tethys  and  North  America. 
From  the  above  data,  the  Middle  Permian  recon¬ 
struction  of  the  limestone-greenstone  blocks  of  the 
Mino  Terrane  can  be  explained  as  discussed  by 
Tazawa  (1997b),  the  reef-seamount  complexes  on 
the  mid-equatorial  region  of  the  Panthalassa,  i.e. 
the  Tropical  Panthalassan  Zone. 
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Tethyan  Permian  crinoids  are  recognised  in  Australia,  India,  New  Zealand,  Oman,  Pakistan, 
Sicily,  Thailand,  Timor,  Tunisia  and  the  southern  part  of  the  Ural  Mountains.  The  oldest  are 
from  the  early  Sakmarian  of  Timor  and  the  youngest  are  from  early  Wuchiapingian  of  Western 
Australia  and  Timor.  Unresolved  stratigraphic  problems  and  indiscriminate  collecting  of  the 
Timor  faunas  leaves  uncertainies  about  their  age. 

The  palaeogeographic  distribution  of  the  crinoid  faunas  extends  from  the  Southern  Ural 
Mountains  in  the  north  (34.6°N,47°E),  to  New  Zealand  (73.6°S,146.7°E)  in  the  southeast,  to 
equatorial  faunas  from  Sicily  (3,1°N,21.1°E)  and  Tunisia  (1.9°S.17°E)  in  the  westernmost  part 
of  Tethys.  Most  faunas  were  in  the  southern  and  southeastern  parts  of  the  Tethys  Sea.  Australia, 
India,  Oman  and  New  Zealand  were  located  greater  than  35°S  and  were  cooler  water  faunas, 
whereas  all  others  were  warmer  water  faunas  within  35°  of  the  paleoequator. 

The  most  abundant  and  diverse  faunas  are  reported  from  Timor  (Sakmarian  to 
Wuchiapingian),  Australia  (late  Sakmarian  through  Aitinskian),  and  the  Ural  Mountains  (late 
Artinskian).  Of  the  52  families  and  136  genera  recognised  in  Tethyan  faunas,  12  families 
(23%)  and  93  genera  (68%)  are  endemic.  Poteriocrinitid  inadunates  dominate  all  faunas. 
Camerate,  inadunate  and  flexible  crinoids  are  known  into  the  early  Wuchiapingian.  Major 
extinction  of  the  Permian  crinoids  began  in  the  late  Wordian  when  the  record  ends  for  90% 
of  the  Permian  crinoids. 

In  Oman,  India,  Australia,  New  Zealand  and  some  of  Timor  faunas  were  living  on  a 
quartz-sand  or  volcaniclastic  substrate.  All  other  Tethyan  faunas  were  living  on  carbonate 
or  clay  substrates.  No  Tethyan  faunas  are  known  to  have  been  living  on  reefs,  except  the 
late  Changhsingian  reefs  with  associated  crinoid  stems  of  southern  China  and  the  Wordian 
Tunisian  fauna. 


TWO  crinoids  discovered  in  New  South  Wales 
(M’Coy  1847;  Dana  1847)  were  the  earliest  des¬ 
cribed  Permian  crinoids  from  the  Tethys.  Although 
additional  crinoids  were  reported  from  both  the 
eastern  and  western  parts  of  Australia  later  in 
the  1800s  and  early  1900s  (Gregory  1849;  Ratte 
1885,  1886;  Foord  1890;  Etheridge  1892,  1903; 
among  others),  it  was  the  fantastically  rich  and 
diverse  Permian  crinoid  faunas  of  Timor,  dis¬ 
covered  in  the  early  1860s  (Beyrich  1862),  and 
described  in  a  series  of  papers  by  J.  Wanner 
between  1910  and  1951,  that  captivated  the 
attention  of  crinoid  workers  worldwide.  Large 
collections  of  the  Timor  crinoid  faunas  were  made 
during  expeditions  led  by  J.  Wanner  in  1909  and 
1911,  G.  A.  F.  Molengraaff  in  1910-1911,  J.  Weber 
in  1911,  H.  G.  Jonker  in  1916  and  H.  A.  Brouwer 
in  1936  (Schubert  1915;  Haniel  1915;  Wanner 
1926;  Brouwer  1942).  Specimens  collected  on  these 
expeditions  may  be  found  in  museums  and 
universities  in  Europe  and  the  United  States,  but 
most  are  reposited  in  Delft  and  Leiden,  The 
Netherlands.  Although  Permian  crinoids  are  now 
known  from  every  continent  except  Antarctica,  none 


of  the  other  faunas  is  as  diverse  nor  specimens  as 
abundant  as  the  Timor  faunas. 

During  the  past  150  years  nearly  65  papers  have 
described  crinoid  cups  and  crowns,  or  recognisable 
parts  thereof,  from  what  are  here  collectively 
referred  to  as  the  Tethys  Permian  crinoid  faunas. 
These  faunas  arc  recognised  on  their  taxonomic 
and  palaeogeographic  relationships.  A  total  ol  136 
genera  (Table  1)  and  over  400  species  (Webster, 
unpubl.  data)  have  been  identified  from  more  than 
100  localities  in  Australia,  India,  New  Zealand, 
Oman,  Pakistan,  Sicily,  Thailand,  Timor,  Tunisia 
and  the  southern  Urals  in  Russia. 

Geochronologic  terms  used  (Fig.  1)  are  modified 
from  Zhou  et  al.  (1995)  and  Yugan  et  al.  (1997). 
Caution  is  recommended  when  referring  to  the 
faunas  of  Timor  for  correlation  or  age  deter¬ 
mination  as  explained  in  Webster  (this  vol.). 


CRINOID  LOCALITIES  AND 
FAUNAL  RELATIONSHIPS 

Numerous  crinoid  localities  are  known  in  both 
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Australia  and  Timor,  and  both  areas  yield  specimens 
of  Early  and  Late  Permian  age,  whereas  most  other 
Tethys  localities  arc  considered  to  be  of  a  single 
age,  within  cither  the  Early  or  Late  Permian.  In  a 
few  localities  genera  found  in  more  than  one 
horizon,  but  nearly  coeval,  are  herein  considered 


a  single  fauna  for  simplicity  (e.g.  genera  occurring 
in  three  or  four  horizons  in  the  latest  Sakmarian 
and  earliest  Artinskian  of  southern  Thailand  are 
referred  to  as  the  Thailand  fauna).  Stratigraphic 
and  faunal  relationships  of  each  area  arc  discussed 
individually. 
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Locality 

Camerates 

Disparids 

Inadunates 

Cyathocrinitids 

Poteriocrinitids 

Flexibles 

Amarassi 

1 

_ 

3 

4 

5  (1) 

Basleo 

12  (4) 

9  (5) 

20  (9) 

41  (14) 

12  (7) 

Tae  Wai 

— 

— 

1  (1) 

2 

1 

Bitauni 

1 

1 

1 

— 

— 

Somohole 

2 

— 

2  (1) 

1 

— 

Total* 

12  (4) 

9  (5) 

22  (11) 

41  (14) 

13  (8) 

Table  1. 

*  Total  is 

Taxonomic  distribution  of  Timor 
different  genera,  not  total  numbers 

Permian  crinoid  genera.  Numbers  in  parentheses  (  ) 
from  all  localities. 

are  endemics. 

Locality 

Camerates 

Disparids 

Inadunates 

Cyathocrinitids 

Poteriocrinitids 

Flexibles 

Timor 

12  (4) 

9  (5) 

22  (11) 

41  (14) 

13  (8) 

Australia 

8  (1) 

4  (1) 

5  (1) 

20  (8) 

— 

Southern  Urals 

3 

3  (1) 

5 

11  (3) 

3 

Sicily 

1 

1 

I 

5 

1 

Tunisia 

2  (1) 

— 

1 

3  (1) 

2  (2) 

Oman 

— 

— 

— 

3  (2) 

— 

Thailand 

— 

1 

— 

2 

— 

Pakistan 

— 

— 

1 

1 

— 

India 

— 

— 

— 

1 

$ 

New  Zealand 

— 

— 

— 

1 

— 

Total  * 

17  (11) 

13  (9) 

27  (17) 

64  (43) 

15  (13) 

Table  2.  Taxonomic  distribution  of  Tethyan  Permian  crinoid  genera.  Numbers  in  parentheses  (  )  are  endemics. 
*  Total  is  different  genera,  not  total  numbers  from  all  localities. 


Timor 

Problems  of  the  stratigraphy  and  ages  of  the  Timor 
crinoids  are  discussed  by  Webster  (this  vol.).  In 
summary,  there  are  92  reported  crinoid  localities 
on  Timor  (Wanner  1924a,  1924b;  among  others; 
Webster,  unpubl.  comp.).  Unfortunately  the  strati¬ 
graphy  of  most  of  the  Timor  localities  is  uncertain, 
as  noted  in  early  expeditions  (Wanner  1931;  dc 
Roever  1940).  At  least  five  crinoid  horizons  occur 
in  Timor  and  they  are  between  Sakmarian  and 
Wuchiapingian  in  age.  The  ccphalopod  based  age 
of  each  of  the  ‘five’  Timor  faunas  is  used  herein 
when  referring  to  these  faunas  for  correlation  and 
taxon  affinities.  However,  it  is  clearly  understood 
that  the  stratigraphic  problems  of  the  Timor  faunas 
must  be  resolved  before  the  biostratigraphy  and 
the  palaeobiogcography  of  the  Tethyan  crinoids  can 
be  unquestionably  resolved. 

Identified  crinoid  genera  from  each  of  the  ‘five’ 
Timor  faunas  arc  given  in  Appendix  1,  cols  1-5. 
The  Permian  faunas  of  Timor  include  99  identified 


crinoid  genera,  two  of  which  are  unclassified.  The 
97  classified  genera  are  summarised  in  Table  1.  The 
Basleo  faunas  are  the  largest  known  and  include 
94  of  the  97  genera  (97%).  Although  dominated 
by  the  poteriocrinitids,  the  fauna  contains  represent¬ 
atives  of  each  of  the  major  groups  of  Palaeozoic 
crinoids.  The  camerates,  rapidly  waning  after  the 
Early  Carboniferous,  have  their  greatest  Permian 
diversity  in  Timor.  The  flexibles  attain  their  third 
greatest  diversity  in  the  Palaeozoic  in  Timor.  If  the 
Wordian  age  is  correct  for  all  crinoid  genera  from 
the  Basleo  region,  then  the  final  extinction  of  most 
Palaeozoic  crinoids  occurred  in  the  Wordian  or 
shortly  thereafter,  prior  to  the  end  of  the  Permian. 


Australia 

Australian  Permian  crinoids  range  in  age  from  early 
Sakmarian  into  early  Wuchiapingian  (Appendix  1, 
cols  6,  7).  They  are  dominated  by  poteriocrinitids 
and  camerates  (Table  2)  (Tcichert  1949,  1954; 
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Webster  1987,  1990;  Webster  &  Jell  1992)  but 
lack  flexibles,  with  the  exception  of  an  unidentified 
flexible  recognised  on  a  disarticulated  radial  plate 
(Webster  1987). 

In  eastern  Australia  the  stratigraphic  distribution 
and  descriptions  of  Permian  crinoid  genera  were 
documented  by  Willink  (1978,  1979a,  1979b, 
1980a,  1980b).  The  oldest  known  Australian 

Permian  crinoids  are  found  in  the  early  Sakmarian 
Darlington  Formation  of  New  South  Wales.  Most 
eastern  Australian  faunas  are  from  Artinskian 
strata,  but  they  range  into  the  late  Wordian  or 
possibly  early  Capitanian.  Their  primary  affinities 
are  with  Western  Australian  faunas  and  secondarily 
with  Timor. 

The  stratigraphic  distribution  of  crinoids  in 
Western  Australia  is  well  documented  with  excel¬ 
lent  exposures  and  occurrences  of  ammonoids  at 
numerous  levels  throughout  the  stratigraphic  section 
providing  good  age  control.  However,  some  un¬ 
certainty  about  the  age  of  a  few  horizons  exists. 
For  example,  the  Callytharra  Formation  contains 
late  Sakmarian  ammonoids  at  the  base,  but  the 
fossil-rich  upper  part,  lacking  ammonoids,  has 
been  considered  early  Artinskian  (Dickins  &  Shah 
1979;  Webster  1987;  Webster  &  Jell  1992).  Most 
Western  Australia  crinoids  are  of  late  Sakmarian 
or  Artinskian  age.  Primary  affinities  of  the  Western 
Australian  faunas  are  with  the  Basleo  faunas  of 
Timor  and  secondarily  with  eastern  Australia.  Taxa 
from  the  Cherrabun  Member  of  the  Hardman 
Formation  are  of  early  Wuchiapingian  age. 


Krasnoufimsk,  Southern  Ural  Mountains,  Russia 

Late  Artinskian  crinoids  from  Krasnoufimsk,  in  the 
southern  part  of  the  Ural  Mountains  (Appendix  1, 
col.  8),  were  described  in  several  papers  by 
Yakovlev  (1926,  1927,  1930a,  1937)  and  Arendt 
(1968).  A  strong  Tethys  character  dominates  the 
three  camerates,  19  inadunates,  and  three  flexibles 
in  the  Krasnoufimsk  fauna  (Tabic  2).  Of  the  25 
genera  recognised,  15  genera  are  common  with  the 
Basleo  fauna,  four  genera  are  endemic,  four  genera 
are  common  to  the  Sosio  fauna  of  Sicily,  one  genus 
is  common  to  Western  Australia,  and  one  genus  is 
cosmopolitan.  Only  nine  of  the  25  genera  of  the 
Krasnoufimsk  fauna  are  common  to  non-Tethyan 
faunas  of  Europe  and  North  America  and  six  of 
these  nine  are  also  present  in  the  Basleo  fauna. 
The  four  genera  common  to  the  Sosio  fauna  are 
also  present  in  the  Basleo  fauna  and  range  in  age 
from  late  Artinskian  to  Wordian.  The  late  Artinskian 
age  of  the  Krasnoufimsk  fauna  may  suggest  a  like 
age  for  part  of  the  Basleo  fauna. 


Sicily 

The  Wordian  Sosio  Limestone  of  Sicily  (Appendix 
1.  col.  9)  (Yakovlev  1930b,  1934,  1938;  Strimple 
&  Sevastopulo  1982)  contains  nine  crinoid  genera 
(one  camerate,  seven  inadunates,  and  one  flexible) 
of  which  six  are  common  to  the  Basleo  fauna 
(five  of  these  arc  also  common  to  Krasnoufimsk), 
two  to  Tunisia,  and  one  thick-plated  basal? 
circlet,  judged  to  be  incorrectly  assigned  to 
Agassizocrinusl.  The  Tethyan  character  dominates 
this  fauna  as  only  two  of  the  genera  occur  in  non- 
Tethys  faunas. 

Tunisia 

Crinoids  from  Djebel  Tebaga,  Tunisia  (Appendix 
1,  col.  10)  were  described  by  Valette  (1934), 
Termier  &  Termier  (1949,  1958),  Termier  et  al. 
(1977)  and  Lane  (1979).  The  eight  genera  identified 
(two  camerates,  four  inadunates,  and  two  flexibles) 
include  four  endemic  genera,  two  in  common  with 
Sicily,  and  two  in  common  with  the  Basleo  fauna. 
This  fauna  probably  reflects  a  reefal  environment 
as  suggested  by  Lane  (1979).  The  age  of  the  fauna 
is  Wordian,  based  on  cephalopods,  to  perhaps 
Capitanian,  based  on  fusulinids  (Lane  1979).  It 
may  be  slightly  younger  than  the  Basleo  fauna, 
but  is  not  as  young  as  the  Amarassi  or  Cherrabun 
faunas. 

Oman 

Three  inadunate  crinoids  in  the  latest  Sakmarian 
or  earliest  Artinskian  Ghariff  Formation  of  Oman 
(Appendix  1,  col.  II)  (Jell  &  Willink  1993)  include 
two  endemic  genera  (Table  2)  and  Texacrinus, 
common  to  the  Early  and  Late  Permian  of  Western 
Australia.  An  undescribed  platycrinitid  camerate 
and  a  Deltoblastus,  on  loan  to  George  Sevastopulo 
and  seen  by  me,  arc  also  from  the  Ghariff  fauna; 
they  support  a  Tethyan  character  for  the  fauna. 

Pakistan 

Four  of  the  five  species  of  crinoids  from  the  Middle 
Productus  Limestone  (=Wargal  Formation,  in  part, 
of  current  usage)  reported  by  Waagen  (1887)  are 
considered  incorrectly  assigned  to  Cyathocrinus, 
later  corrected  to  Cyathocrinites  (Appendix  1, 
col.  12).  Moore  &  Plummer  (1940)  transferred 
Cyathocrinus  goliathus  to  Ulocrinusl  goliatlius 
and  Webster  (1981)  considered  C.  indicus  and 
C.  kattaensis  to  belong  to  an  unnamed  new  genus 
of  inadunates.  The  fourth  species,  Cyathocrinites 
virgalensis ,  is  based  on  disarticulated  basal  plates 
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and  columnals,  which  may  or  may  not  belong  to 
a  single  species.  These  four  species  belong  to 
two  or  three  genera,  but  not  Cyathocrinites  or 
Ulocrinns.  The  fifth  species  originally  identified 
as  Phialocrinus  cometa  de  Koninck,  1863,  is 
recognised  as  Woodocrinus  cometa.  As  currently 
identified,  these  taxa  do  not  show  strong  Tethyan 
affinities.  Some  of  these  species  may  belong  to 
Cibolocrinus  or  Stuartwellercrinus  sensu  J.  Wanner 
(1937,  1949).  If  so,  the  fauna  would  show  stronger 
Tethyan  relationships.  The  Wargal  Formation  was 
considered  basal  Tatarian  or  late  Guadalupian  by 
Dickins  (1992).  Species  from  the  Salt  Range 
described  by  de  Koninck  (1863)  and  Reed  (1925) 
were  assigned  a  Carboniferous  age.  Both  are  from 
the  Permian,  but  may  not  be  coeval  with  those 
reported  by  Waagen  (1887). 


India 

The  Tethyan  crinoid  from  the  Permian  of  India 
(Appendix  1,  col.  13)  is  the  inadunate  Calceoli- 
spongia,  known  from  isolated  basal  plates  in 
central  India  (Reed  1928;  Gerth  1936).  This  fauna 
was  considered  as  possibly  equivalent  to  the 
Callytharra  fauna  of  Western  Australia  (Dickins  & 
Shah  1979).  The  Calceolispongia  plates  correspond 
most  closely  to  Artinskian  forms  of  Western 
Australia,  but  Archbold  (1982)  considered  the 
Umaria  Beds  middle  Sakmarian. 


Thailand 

Permian  crinoids  from  Thailand  are  from  the  late 
Sakmarian  Phuket  Group  and  the  Artinskian  part 
of  the  Rat  Buri  Limestone  (Appendix  1,  col.  14). 
At  least  two,  and  probably  three,  horizons  have 
yielded  crinoids  in  the  Rat  Buri  Limestone 
(Webster  &  Jell  1993).  Of  the  three  inadunate 
genera  identified  from  the  Rat  Buri  Limestone, 
all  are  known  in  Western  Australia,  Timor,  or 
Krasnoufimsk,  as  well  as  non-Tethyan  faunas  of 
North  America. 


New  Zealand 

A  partial  specimen,  identified  as  Tribrachiocritius'I 
sp.  (i/'c.),  and  an  unidentified  set  of  arms  were 
reported,  but  not  illustrated,  by  Waterhouse  & 
Vella  (1965)  from  Kungurian  clastic  strata.  The 
specimens  are  mentioned  for  palacobiogeographic 
purposes. 


TETHYAN  ENDEMICS 

A  total  of  136  genera  of  crinoids  assigned  to 
52  families  are  recognised  in  Permian  strata  of 
the  Tethys  (Tables  1,  2;  Appendix  1).  This  does 
not  include  specimens  described  or  illustrated 
that  were  not  assigned  to  a  genus,  nor  does  it 
include  specimens  questionably  assigned  to  a 
genus,  if  the  genus  is  also  questionably  recognised. 
The  total  does  not  include  three  genera  listed  in 
Table  1:  (1)  Jonkcrocrinus,  which  was  based 
on  an  anal  sac  that  is  probably  referable  to 
Cadocrinwr,  (2)  Teratocrinus ,  which  is  based  on 
disarticulated  basal  plates  (probably  belonging  to 
Calceolispongia)  and  anal  sac  plates  (probably 
belonging  to  Timoreclunns)',  and  (3)  Ammonicrinus, 
which  is  based  on  columnals,  probably  belonging 
to  Calycocrinus.  Endemics  make  up  68%,  93  of 
the  136  genera,  of  the  Tethys  crinoids  (Table  3). 
Thus,  endemics  make  up  slightly  over  %  of  the 
Tethyan  genera,  but  range  from  zero  to  40%  at 
the  family  level.  Slightly  over  23%,  12  of  52 
families,  are  endemic.  Among  flexible  crinoids, 
13  of  15  genera  (87%)  are  endemic,  but  only 
2  (40%)  of  5  familes,  to  which  the  15  genera 
are  assigned,  are  endemic.  This  is  the  highest 
percentage  of  endemics  at  the  genus  and  family 
level  of  the  Tethyan  crinoids. 


Families 

Genera 

Camerates 

6 

17 

Endemics 

1  (17%) 

11  (65%) 

Disparids 

5 

13 

Endemics 

1  (20%) 

9  (69%) 

Cyathocrinitids 

5 

27 

Endemics 

0 

18  (67%) 

Potcriocrinitids 

31 

64 

Endemics 

8  (26%) 

42  (66%) 

Flexibles 

5 

15 

Endemics 

2  (40%) 

13  (87%) 

Total 

52 

136 

Endemics  total 

12  (23%) 

93  (68%) 

Table  3.  Number  of  families  and  genera  of  major 
taxonomic  groups  of  Tethyan  Permian  crinoids. 


With  the  exception  of  Thailand  and  possibly 
Pakistan,  Tethyan  endemic  genera  are  known  from 
each  of  the  localities  discussed  above.  In  general, 
Tethyan  endemic  genera  are  advanced  forms  within 
the  class  or  order  to  which  they  arc  classified. 
Sixteen  endemic  genera  arc  restricted  to  the  cooler 
water  environments  of  Australia,  New  Zealand  and 
Oman,  while  most  endemics  are  found  in  the 
warmer  water  environments  of  Timor,  Tunisia  and 
Krasnoufimsk. 
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The  non-endemic  taxa  may  be  divided  into  three 
groups.  (1)  Long-ranging  cosmopolitan  taxa,  such 
as  Platycrinites,  Actinocriniles,  Kallimorphocrinus, 
Litocrinus,  Synbatlwcrinus  and  Cyathocrinites. 
These  taxa  are  judged  to  have  had  wide  ecological 
tolerances,  allowing  them  to  adapt  to  the  cooler 
water  environments  of  Australia,  as  well  as  occupy 
normal  niches  in  the  warmer  water  environments. 
(2)  Range  extension  genera,  or  holdovers  (such 
as  Pleurocrinus  and  Cydonocrinus),  that  are  not 
known  outside  the  Tethys  in  the  Permian,  but 
are  well  known  outside  the  Tethys  in  Carbon¬ 
iferous  strata.  Some  of  the  range  extension  taxa 
are  questionable  generic  assignments,  such  as 
Agassizocrinus! ,  Gissocrinusl  and  Dichocrinusl . 
Most  of  these  taxa  will  probably  be  reassigned 
to  new  genera  with  additional  study,  and  become 
part  of  the  Tethyan  endemics.  (3)  Non-endemics, 
such  as  Stuartwellercrinus,  Synyphocrinus  and 
Neozeacrinus.  These  taxa  are  known  from  Permian 
deposits  of  North  America  or  Europe,  but  are  not 
recognised  as  truly  cosmopolitan.  The  second  and 
third  groups  of  non-endemics  provide  insights  (as 
well  as  posing  problems)  concerning  the  world¬ 
wide  palaeobiogeographic  distribution  patterns  and 
dispersal  routes  for  the  Permian  crinoids. 

Crinoid  genera  are  generally  short  lived. 
Relatively  few  taxa  have  stratigraphic  ranges 
exceeding  one  or  two  series  (Lane  &  Webster 
1980).  Many  genera  are  known  from  one  locality 
and  from  one  bedding  surface.  Tethyan  crinoids 
are  no  exception  to  these  generalities.  Of  the 
136  genera  identified,  only  40  (29%)  are  known 
from  more  than  one  stratigraphic  horizon  within 
the  Tethys  (Table  1).  Most  of  these  are  Tethyan 
endemics  from  Australia  and  Timor  or  the  long- 
ranging  cosmopolitan  genera.  Recognition  of  the 
short  stratigraphic  range  of  most  crinoid  taxa 
enhances  their  biostratigraphic  value  and  questions 
the  age  of  the  Basleo  faunas  of  Timor. 


PALAEOBIOGEOGRAPHY 

During  the  Permian,  the  Tethyan  faunas  were 
distributed  around  the  Tethys  Sea  (Figs  2-5).  The 
palaeolatitude  and  palacolongitudc  of  individual 
localities  (Appendix  2)  reflects  the  wide  distri¬ 
bution  of  the  crinoid  faunas  within  the  Tethys.  The 
earliest  known  fauna  is  from  Somoholc,  Timor, 
62.1°S,102.4°E  (incorrectly  located  on  Fig.  3).  The 
fauna  from  Krasnoufimsk  was  the  northern-most 
fauna  at  34.6°N,47°E  (Fig.  3)  and  New  Zealand 


the  southern-  and  eastern-most  at  73.6°S,146.7°E 
(Fig.  3).  Faunas  from  Sicily  (3.1°N,21.1°E)  and 
Tunisia  (1.9°S,I7°E)  were  in  the  western-most  part 
of  the  Tethys  close  to  the  Equator  (Fig.  4).  Faunas 
from  Oman  (40.3°S,53.7°E),  Pakistan  (33.7°S, 
54.8°E),  India  (52°S,53.6°E),  Timor  (33.3°S, 
102.4°E),  Australia  (various  localities  from  39- 
69°S, 83.4-1 48.8°E)  and  Thailand  (28.5°S,98.4°E) 
were  in  the  southern  and  southeastern  part  of  the 
Tethys  Sea  (Figs  2-5).  Eastern  Australian  faunas 
were  in  marginal  basins  bordering  Panthalassa.  No 
Permian  faunas  have  been  reported  from  the 
central-eastern  and  northeastern  parts  of  the  Tethys 
Sea.  The  Oman,  India,  Australia  and  New  Zealand 
faunas  were  located  greater  than  35°S  and  cooler 
water  faunas,  whereas  all  other  faunas  were  north 
of  35°S  and  warmer  water  faunas. 

The  localities  (Figs  2-5)  are  dated  within  the 
stages  for  the  individual  map.  Although  some 
localities  on  each  map  (c.g.  localities  10,  20-23, 
Fig.  3)  arc  coeval,  based  on  the  faunas  and  or 
associated  invertebrates,  most  arc  of  differing  ages, 
within  a  few  million  years.  Localities  listed  on 
more  than  one  map  such  as  locality  10,  Callytharra 
Formation,  range  from  late  Sakmarian  into  early 
Artinskian  and  are  therefore  plotted  on  Figs  2 
and  3. 

Most  Permian  crinoid  localities  have  been 
interpreted  as  shallow  shelf  environments  (Figs 
2-5).  However,  a  few  localites  on  Figs  2-5  are 
shown  in  other  environmental  settings.  Most  of  the 
apparent  inconsistency  of  plot  and  environmental 
setting  is  the  result  of  scale  (locality  5,  Fig.  3), 
perspective  (locality  4,  Fig.  3),  and  possibly  the 
age  difference  between  that  of  the  locality  and 
the  average  age  used  for  the  map  (locality  15, 
Fig.  3).  Radiometric  ages  (Fig.  1)  followed  by 
Zhou  el  al.  (1995)  differ  from  those  of  the 
Ziegler  maps  (Figs  2-5). 

Some  slight  revisions  of  the  boundaries  between 
environments  or  interpretations  of  the  environment 
of  the  site  of  deposition  may  also  be  needed  for 
a  few  localities.  For  example  localities  1  and  18 
(Fig.  2)  are  plotted  in  a  lowland  environment 
rather  than  a  marine  environment,  and  neither 
locality  has  been  reworked.  One  other  inconsistency 
is  the  plot  of  locally  31  (Fig.  5).  This  is  the 
Amarassi,  Timor  locality,  currently  considered  to 
be  of  Wuchiapingian  age  and  plotted  well  south 
of  the  Timor  block.  This  suggests  that  Timor  did 
not  move  to  the  north  until  after  the  Wuchiapingian 
or  that  the  age  interpretation  of  the  Amarassi 
locality  is  incorrect.  As  noted  by  Webster  (this 
vol.),  the  Amarassi  crinoid  fauna  is  at  least  of 
Wuchiapingian  age,  based  on  cephalopods,  and 
may  be  younger  than  the  cephalopods. 
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Asselian-Sakmarian 


(281  Ma) 


(Early  Early  Permian) 


Lowlands  (0-200m) 

I  I  Shelf  (-200-0m) 

I  I  Deep  Ocean  (<-200m) 


Fig.  2.  Palaeogeographic  map  showing  distribution  of  Asselian-Sakmarian  crinoid  localities  in  Tethys.  Based  on 
the  maps  of  Ziegler  et  al.  (1997).  Palaeolatitude  and  palaeolongitude  co-ordinates  given  in  Appendix  2. 
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Artinskian-Kungurian 


Lowlands  (0-200m) 
Shelf  (-200-Om) 

Deep  Ocean  (<-200m) 


Fig.  3.  Palaeogeographic  map  showing  distribution  of  Artinskian-Kungurian  crinoid  localities  in  Tethys.  Localities 
with  age  of  Sakmarian-Artinskian  repeated  on  Figs  2  and  3.  Based  on  the  maps  of  Ziegler  et  al.  (1997).  Palaeolatitude 
and  palaeolongitude  co-ordinates  given  in  Appendix  2. 
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Roadian-Wordian-Capitanian 


□ 

□ 


Lowlands  (0-200m) 
Shelf  (-200-0m) 

Deep  Ocean  (<-200m) 


(253  Ma) 

(Middle  Permian) 


Fig.  4.  Palaeogeographic  map  showing  distribution  of  Roadian-Wordian-Capitanian  crinoid  localities  in  Tethys. 
Based  on  the  maps  of  Ziegler  et  al.  (1997).  Palaeolatitude  and  palaeolongitude  co-ordinates  given  in  Appendix  2. 
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Wuchiapingian-Changhsingian 

(247  Ma) 

(Late  Permian) 


Mountains  (1000->2000m) 
Uplands  (200-1  000m) 
Lowlands  (0-200m) 

I  I  Shelf  (-200-0m) 

I  I  Deep  Ocean  (<-200m) 


Fig.  5.  Palaeogeographic  map  showing  distribution  of  Wuchiapingian-Changhsingian  crinoid  localities  in  Tethys. 
Based  on  the  maps  of  Ziegler  et  al.  (1997).  Palaeolatitude  and  palaeolongitude  co-ordinates  given  in  Appendix  2. 
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The  early  Sakmarian  to  Wuchiapingian  age  span 
of  the  Tethyan  Permian  crinoids  includes  nine  of 
the  eustasy  highstand  cycles  (Fig.  1)  as  proposed 
by  Ross  &  Ross  (1994).  Crinoid  faunas  dated  by 
cephalopods  occurring  in  the  same  stratigraphic 
unit,  or  on  stratigraphic  position  with  respect 
to  underlying  and  overlying  units  dated  by 
cephalopods  or  other  invertebrates,  may  be 
correlated  with  these  cycles.  The  phase  position 
within  the  Ross  and  Ross  cycles  of  most  of  the 
Tethyan  faunas  remains  to  be  determined.  The 
most  diverse  and  abundant  faunas  are  from  the 
Artinskian  and  Wordian  cycles. 

Tethyan  crinoid  faunas  of  the  Sakmarian  are  of 
low  diversity  and  tend  to  lack  taxa  common  to 
one  another.  Faunas  of  the  late  Sakmarian  and 
early  Artinskian  are  the  third  most  diverse  known 
in  the  Tethys  (Figs  2,  3).  They  occur  in  Oman, 
several  formations  in  Western  Australia,  several 
formations  in  eastern  Australia,  India  and  Thailand. 
Except  for  Thailand,  they  are  all  cooler  water 
faunas.  Faunas  are  dominated  by  poteriocrinitids 
(nine  genera,  in  nine  families)  followed  in 
decreasing  numbers  by  camerates  (five  genera,  in 
four  families),  disparids  (four  genera,  among  three 
families),  and  cyathocrinitids  (three  genera  in  three 
familiies).  Flexibles  have  not  been  identified  in 
these  faunas.  Calceolispongiids  radiated  during  this 
interval  and  are  present  in  Australia  and  India. 
Latest  Sakmarian  and  early  Artinskian  coeval 
faunas  from  widely  separated  localities  within 
the  marginal  basins  of  Australia  have  a  few  genera 
in  common.  This  implies  that  the  basins  were 
interconnected  or  oceanic  currents  were  such  that 
crinoid  larvae  could  be  dispersed  around  the 
Australian  block. 

The  middle  and  late  Artinskian  faunas  are  the 
second  most  abundant  in  the  Tethys  and  occur  in 
the  southern  Urals,  Timor  (Bitauni)  and  eastern  and 
Western  Australia  (Fig.  3).  Faunas  are  dominated 
by  poteriocrinitids  (19  genera,  15  families)  and 
contain  six  genera  of  camerates  (two  families),  two 
disparid  genera  (two  families),  seven  cyathocrinitid 
genera  (five  families)  and  two  flexible  genera 
(two  families).  They  contain  the  oldest  identified 
Permian  flexible  crinoids  in  the  Tethys.  These 
faunas  developed  during  the  middle  and  late 
Artinskian  (s.l.)  cycles  of  Ross  &  Ross  (1994). 

The  occurrence  of  common  genera  and  some 
species  between  Western  Australia  Artinskian 
localities  (Callytharra  and  Wandagce)  with  the 
Timor  localities  of  Bitauni  (Artinskian)  and  Baslco 
(Wordian)  shows  a  much  greater  degree  of  com¬ 
munication  between  these  regions  than  that  between 
eastern  and  Western  Australia.  This  also  provides 


strong  support  for  questioning  the  Wordian  age  of 
all  Basleo  faunas. 

The  number  of  Tethyan  endemics,  common  to 
Timor  and  Krasnoufimsk.  shows  that  oceanic 
circulation  patterns  connected  the  southeastern  and 
north  central  parts  of  the  Tethys  Sea  during  the 
Artinskian.  Because  the  ages  of  the  Bitauni  and 
Basleo  faunas  are  uncertain  the  place  of  origin 
and  dispersal  patterns  of  taxa  common  to  Timor 
and  Krasnoufimsk  or  Timor  and  Australia  are 
speculative  at  this  time.  The  discovery  of  Permian 
crinoid  faunas  in  terrenes  of  the  central-eastern 
and  northeastern  parts  of  the  Tethys  could  help 
resolve  the  evolutionary  patterns  and  biogeographic 
distribution  within  the  Tethys. 

Wordian  faunas  are  present  in  Timor  (Tae  Wai 
and  Basleo),  Sicily,  Tunisia,  Pakistan  and  eastern 
Australia  (Fig.  4).  The  Basleo  fauna  is  the  most 
diverse  and  abundant  Tethyan  fauna  known.  The 
cooler  water  faunas  of  eastern  Australia  only 
have  two  genera  in  common  with  Basleo.  Wordian 
faunas  were  dominated  by  poteriocrinitids  (51 
genera,  31  families)  and  in  decreasing  numbers, 
contain  cyathocrinitids  (21  genera,  five  families), 
camerates  (16  genera,  five  families),  flexibles  (15 
genera,  five  families)  and  disparids  (10  genera, 
five  families).  If  the  Basleo  fauna  is  of  one  age, 
this  was  the  peak  occurrence  of  all  major  crinoid 
groups  in  the  Permian  of  the  Tethys  and  90% 
of  these  taxa  became  extinct  shortly  after  this 
occurrence. 

Two  localities,  Amarassi,  Timor  and  the  Millyit 
Range  of  Western  Australia  contain  the  youngest 
described  Permian  crinoids  (Fig.  5).  These  faunas 
are  dominated  by  poteriocrinitids  (six  genera, 
five  families)  and  flexibles  (four  genera,  four 
families)  and  also  contains  two  camerate  genera 
(two  families)  and  one  cyathocrinitid  (one  family). 
The  Wuchiapingian  faunas  contain  the  few  sur¬ 
vivors  of  the  massive  crinoidal  extinction  that 
began  in  the  Wordian.  The  faunas  were  developed 
in  the  early  Wuchiapingian  cycle  of  Ross  &  Ross 
(1994). 


ENVIRONMENTS 

Palaeozoic  crinoids  are  normally  found  in  lime¬ 
stones,  shales  or  marls  that  are  lacking  in  quartz 
grains  (Lane  &  Webster  1980).  Many  of  the 
Australian  crinoids  (Tethyan  endemics  and  non¬ 
endemics)  were  living  on  a  quartz  sand  substrate 
environment,  such  as  in  the  Cundlego  and 
Wandagee  Formations  of  Western  Australia  and 
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the  Catherine  and  Nowra  Sandstones  of  eastern 
Australia,  and  volcanic-rich  substrates,  such  as  the 
Lizzie  Creek  and  Gerringong  volcanics  of  eastern 
Australia.  These  forms  include  the  calceolispongiids 
with  their  distinctly  coiled  arms,  when  in  the 
feeding  posture  (Willink  1979b).  Most  of  the  car¬ 
bonate-  and  clay-dominated  substrate  environments 
of  Australia  and  Oman  contain  quartz  and  other 
non-carbonate  sand-size  grains.  The  Australian 
and  Oman  deposits  are  considered  cooler  water 
deposits  (Dickins  1992;  Jell  &  Willink  1993). 
The  cool  water  and  sand  rich  substrates  are 
unusual  living  environments  for  Palaeozoic 
crinoids,  although  warm  water  quartz  sandstone 
environments  yielding  numerous  crinoids  are  also 
known  in  the  Early  Devonian  Colbenzian  of 
Germany  (Schmidt  1934,  1942)  and  the  Silurian 
and  Early  Devonian  of  Victoria  (P.  A.  Jell,  pers. 
comm.).  All  non-Australian  Tethyan  crinoids, 
except  those  reported  from  volcaniclastics  and 
a  conglomerate  in  the  Basleo  area  (J.  Wanner 
1924b),  the  arenaceous  carbonates  of  Oman  and 
the  elastics  of  New  Zealand  are  from  carbonate 
or  clay  substrates,  and  all  non-Australian,  Indian, 
New  Zealand  and  Omani  localities  are  considered 
shallow  shelf,  warm-water  environments. 

Although  crinoids  are  often  associated  with  reefs, 
none  of  the  Tethyan  faunas  summarised  herein 
are  found  in  reefal  deposits.  The  Tunisian  fauna 
is  from  claystones  near  reefs  and  Lane  (1979) 
suggested  that  the  crinoids  may  have  been  living 
on  the  reef  flanks  and  were  transported  short 
distances  to  the  burial  site.  The  Timor  faunas  were 
considered  reefal  associated  by  Audley-Charles 
(1965,  1968),  but  non-reefal  by  Hamilton  (1980) 
and  Archbold  &  Bird  (1989).  Crinoid  stems,  but 
no  cups  or  crowns,  in  late  Changhsingian  reef 
deposits  of  southern  China  were  reported  by 
Fliigel  &  Reinhardt  (1989). 


CONCLUSIONS 

The  palaeogeographic  distribution  of  Permian 
crinoid  faunas  within  the  Tethyan  Sea  extends 
from  the  southern  Urals  in  the  north  to  New 
Zealand.  Near  equatorial  faunas  from  Sicily  and 
Tunisia  were  in  the  westernmost  part  of  the  Tethys. 
Faunas  from  Oman,  Pakistan,  India,  Timor,  Western 
Australia  and  Thailand  were  in  the  southern  and 
southeastern  part  of  the  Tethys  Sea.  Eastern 
Australian  faunas  bordered  Panthalassa. 

The  oldest  faunas  reported,  based  on  cups  and 
crowns,  are  from  early  Sakmarian  strata  of  Timor 


and  the  youngest  are  from  early  Wuchiapingian  of 
Western  Australia  and  Timor.  The  most  abundant 
and  diverse  faunas  are  reported  from  Timor 
(Wordian?),  Australia  (late  Sakmarian  through 
Artinskian),  and  the  Urals  (late  Artinskian). 

Of  the  52  families  and  136  genera  recognised 
in  the  Tethyan  faunas,  12  families  (23%)  and 
93  genera  (68%)  are  endemic.  Poteriocrinitid 
inadunates  dominate  all  faunas.  Camerate,  inadunate 
(disparids,  cyathocrinitids  and  poteriocrinitids),  and 
flexible  crinoids  are  present  through  the  Wordian 
and,  except  for  the  absence  of  the  disparids,  into 
the  early  Wuchiapingian.  Poteriocrinitids  (6  of  13 
genera)  and  flexibles  (5  of  13  genera)  dominate 
the  early  Wuchiapingian  faunas.  The  major 
extinction  of  Permian  crinoids  began  in  the  late 
Wordian  when  the  record  ends  for  90%  of  them. 

The  Omani,  Indian,  Australian  and  New  Zealand 
launas,  located  south  of  35°S  were  cooler  water 
faunas,  whereas  all  others  were  warmer  water 
faunas.  The  Omani,  Australian,  New  Zealand  and 
part  of  the  Timorese  faunas  were  living  on  a  quartz 
sand  or  volcaniclastic  substrate.  All  other  Tethyan 
faunas  lived  on  carbonate  or  clay  substrates.  No 
Tethyan  faunas  are  known  to  have  been  living  on 
reefs,  except  the  late  Changhsingian  reefs  with 
associated  crinoid  stems  of  southern  China  and  the 
Wordian  Tunisian  fauna. 

The  unresolved  stratigraphic  problems  and  indis¬ 
criminate  collecting  of  the  Timorese  faunas  leave 
uncertainies  about  their  age.  Gaps  in  the  data  base 
for  palaeobiogeographic  patterns  of  the  Tethys  are 
particularly  obvious  in  the  lack  of  information  from 
its  central-eastern  and  northeastern  parts. 
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Families,  Genera  1  2  3  4  5  6  7  8  9  10  11  12  13  14 


CAMERATES 
Paragaricocrinidae 
Paragaricocrinus* 
Tunisiacrinus* 
Wannerocrinus* 
Actinocrinitidae 
Actinocrinites 
Coelocrinidae 
cf.  Dorycrinus 
Dichocrinidae 
Dichocrinusl 
Camptocrinus 
Camptocrinusl 
Neocamptocrinus* 
Neocamptocrinusl 
Neodichocrinus* 
Stomiocrinus* 
Eutelecrinidae* 
Eutelecrinus* 
Metaeutelecrinus* 
Paraeutelecrinus  * 
Plesiocrinus* 
Platycrinitidae 
Neoplatycrinus* 
Platycrinites 
Pleurocrinus 

DISPARIDS 
Calceocrinidae 
Epihalysiocrinus* 
Allagecrinidae 
Kallimorphocrinus 
Litocrinus 
Metallagecrinus* 
Wrightocrinus* 
Catillocrinidae 
Allocatillocrinus 
Isocatillocrinus* 
Neocatillocrinus* 
Notiocatillocrinus* 
Paracatillocrinus* 
Xen  oca  tilhcrin  us  * 
Synbathocrinidae 
Synbathocrinus 
Paradoxocrinidae* 
Paradoxocrinus* 

CYATHOCRINITIDS 

Cyathocrinitidae 

Cyalhocrinites 

Ceratocrinus* 

Gissocrinusl 

Occiducrinus* 

Barycrinidae 

Barycrinusl 

Codiacrinidac 

Abrachiocrinus 

Asymetrocrinus* 


s 


w 

w 


w 


w 

w 


w 


w 

w 


s/a 

s/a 


a  a-c 


a 

s-wu  s-w 
s 


a 


a?r  a 


w  wu 
w 
w 
w 


w  s-a 

w  s/a  a 

w 


a 

a  a 

s/a 

w  aw 

w  s/a 

w 

w 

w 

s/a  s/a 
w 
w 

w  s/a 

a  w 


a?r 

s/a 


w 

w 


w?c 
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Families,  Genera  1 

2  3  4 

5 

6  7 

8  9  10  11  12  13  14 

CYATHOCR1NITIDS  ( continued) 

Codiacrinidae  ( continued) 

Cranocrinus 

w 

Cydonocrinus 

w 

s/a 

Embryocrinus* 

w 

Hypocrinus* 

w 

wu 

w 

Tenagocrinus 

w 

Bolbocrinus* 

w 

wu 

a 

Nereocrinus* 

w 

a 

Thetidicrinus * 

w 

Prochoidiocrinus* 

w 

Sycocrinilidae 

Allosycocrinus* 

w 

Metasycocrinus* 

a  w 

wu 

Monobrachiocrinus* 

w 

a  w 

Parasycocrinus* 

r/w 

Streblocrinidae 

Atremacrinus* 

w 

Coenocystis  s 

w 

Hemistreptacron* 

w 

a 

Lampadosocrinus 

s/a 

Neolageniocrinus  s 

Pilidiocrinus* 

w 

Acariaiocrinus* 

w 

a 

POTERIOCRIN ITIDS 

# 

Poteriocrinitidac 

Poteriocrinites 

w 

a 

Scytalocrinidac 

Omanicrinus* 

Roemerocrinus* 

Woodocrinus 

Corythocrinidae 

Campbellicrinus* 

Aphelccrinidae 

Cosmetocrinusl 

Spaniocrinidac 

Spaniocrinus 

Stuartwellercrinus 

Mollocrinidac 

Mollocrinus*  s 

Hemimollocrinus* 
Strongylocrinus 
Indocrinidae 
Indocrinus* 

Contignatocrinus* 
Eoindocrinus * 
Pumilindocrinus* 
Rimosindocrinus 
Proindocrinus* 

Pachylocrinidac 

Depaocrinus* 

Malaiocrinus 

Agassizocrinidae 

Agassizocrinusl 

Ampelocrinidac 

Meganotocrinus* 

Spbeniscocrinus* 


w 


s/a 


w?c 


s/a 


s/a 


w 

w 

w 

w 

w 

w 

w 

w 


a?r 


a 


w 


w 

w 


w 


r-w 


Appendix  1  continued  next  page  (see  legend  on  page  307) 
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Families,  Genera  1 

2  3  4 

5  6 

7  8 

9 

10  11  12  13  14 

POTERIOCRINITIDS  ( continued) 

Sundacrinidae* 

Sundacrinus* 

w 

a 

Basleocrinus* 

w 

a 

iMCCocrinus* 

w 

Parindocrinus* 

w 

Tribrachyocrinidae* 

Tribrachyocrinus* 

a-w 

Anobasicrinidac 

Synyphocrinus 

w 

Trimerocrinidae* 

Trimerocrinus* 

w 

a 

Decadocrinidae 

Trautscholdicrinus* 

a 

Cromyocrinidae 

Hemiindocrinus* 

a 

Minilyacrinus* 

s/a 

Ulocrinus 

w 

a 

Cadocrinidae* 

Cadocrinus* 

w 

a 

Graphiocrinidae 

Graphiocrinus 

w 

a 

a 

w 

w?c 

Graphiocrin tuft 

w 

Coenocrinus* 

w 

Contocrinus 

Permiocrinus* 

w 

Tapinocrinus* 

w 

s?r 

Paradelocrinidae 

Lopadiocrinus* 

w 

Catacrinidae 

Delocrinus 

w 

wu 

a 

Delocnnust 

w 

Paraplasocrinus* 

w 

wu 

Laudonocrinidae 

Bathronocrinus 

a 

Tetrabrachiocrinus* 

w 

w 

Stachyocrinidae* 

Stachyocrinus* 

w 

w 

Parastachyocrinus* 

w 

Apographiocrinidae 

Apographiocrinus 

w 

s/a 

a 

Paragraphiocrinus* 

w 

Texacrinidae 

Texacrinus 

s-wu 

s/a 

Galateacrinidae 

Galateacrinus 

s/a 

Stellarocrinidac 

Anechocrinus* 

a 

Cymbiocrinidac 

Cymbiocrinus 

wu 

a 

Oklahomacrinus 

w 

Zeacrinitidae 

Neozeacrinus 

w 

Timorocidaridae* 

Timorocidaris* 

r/w  w 

Timorechinidae 

Ttmorechinus* 

w 

s/a 

Appendix  1  continued  next  page  (see  legend  on  page  307) 
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Families,  Genera  1  2  3  4  5  6  7  8  9  10  II  12  13  14 


POTERIOCRINITIDS  ( continued ) 
Timorechinidae  ( continued) 


Benlhocrinus* 

w 

Notiocrinus* 

w 

Parabursacrinus* 

w 

s/a 

Prolobocrinus* 

w 

Calceolispongiidae* 

Calceolispongia* 

w 

s?r  s-wu  a 

Jimbacrinus* 

a 

Jimbacrinus? 

a 

Family  uncertain* 

Nowracrinus* 

w 

Tasmanocrinus* 

s 

FLEXIBLES 

Mespilocrinidae 

Cibolocrinus 

w 

a  w 

Loxocrinus* 

w 

Petrocrinus* 

w 

WU 

Strobocrinus* 

w 

Syntomocrinus* 

w 

wu 

Trinalicrinus* 

w 

Calycocrinidae 

Calycocrinus 

r/w  w 

wu 

a 

Plagiocrinus* 

w 

Ammonicrinus  (col) 

a 

Prophy  1  locri  n  i  dae  * 

Prophyllocrinus* 

w 

wu 

Ancistrocrinus* 

w 

Peripterocrinus* 

w 

Proapsidocrinus* 

w 

Palaeoholopodidae* 

Palaeoholopus* 

wu 

Permobrachypus* 

w 

Dactylocrinidae 

Rumphiocrinus* 

w 

UNCLASSIFIED 

Jonkerocrinus* 

w 

Teratocrinus* 

w 

Appendix  1.  Families  and  genera  of  Permian  crinoids 

from 

various  localities  in  Tethys.  Key  to  localities  1-14: 

1,  Somoholc,  Timor — early  Sakmarian; 

2,  Bitauni, 

Timor — Artinskian;  3,  Tae  Wei,  Timor — late  Roadian 

or  early  Wordian  (=basal  part  of  Basleo); 

4,  Basleo,  Timor- 

-Wordian;  5,  Amarassi,  Timor — early  Wuchiapingian; 

6,  Western  Australia — late  Sakmarian  to  early  Wuchiapingian;  7,  Eastern  Australia — early  Sakmarian  to  Wordian; 
8,  Krasnoufimsk — late  Artinskian;  9,  Sosio — Wordian:  10,  Tunisia— late  Wordian;  11,  Oman — Sakinarian-Artinskian; 
12,  Pakistan — Wordian  or  Capitanian;  13,  India — Artinskian:  14,  Thailand — Artinskian.  For  Australia:  s,  Sakmarian; 
a,  Artinskian;  r,  Roadian;  w,  Wordian;  c,  Capitanian;  wu,  Wuchiapingian;  known  ranges  given  as  s-w,  etc.; 
uncertain  ranges  given  as  s?r,  etc.;  uncertain  age  at  stage  boundaries  given  as  s/a,  etc.  Asterisk  (*)  indicates 
a  non-Tethyan  report  of  the  taxon  is  considered  a  misidcntification  and  the  taxon  is  considered  endemic  to 
Tethys.  (col),  generic  identification  based  on  columnals. 
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1.  Oman 

1 .  Oman 

2.  Somoholc,  Timor, 

3.  Bitauni,  Timor 

4.  New  Zealand 

5.  Thailand 

6.  Krasnoufimsk,  Southern  Urals 

7.  India,  Umaria 

8.  Grant  Formation.  Western  Australia 

9.  Fossil  Cliff  Formation,  Western  Australia 

10.  Callytharra  Formation,  Western  Australia 

10.  Callytharra  Formation,  Western  Australia 

11.  Coyrie  Formation,  Western  Australia 

12.  Bulgadoo  Shale,  Western  Australia 

13.  Cundlego  Formation,  Western  Australia 

14.  Quinannie  Shale,  Western  Australia 

15.  Wandagee  Formation,  Western  Australia 

15.  Wandagee  Formation,  Western  Australia 

16.  Noonkanbah  Formation,  Western  Australia 

16.  Noonkanbah  Formation,  Western  Australia 

17.  Darlington  Limestone,  Tasmania 

18.  Lizzie  Creek  Volcanics,  Queensland 

19.  Billop  Formation,  Tasmania 

20.  Dyamberin  Beds,  New  South  Wales 

20.  Dyamberin  Beds,  New  South  Wales 

21.  Tiverton  Subgroup,  Queensland 

22.  Berserker  Beds,  Queensland 

23.  Crinioidal  Zone,  Tasmania 

24.  Berriedale  Limestone,  Tasmania 

25.  Wandrawandian  Siltstone,  New  South  Wales 

26.  Malbina  Formation,  Tasmania 

27.  Sicily,  Sosio  Limestone 

28.  Tunisia 

29.  Tae  Wai,  Timor 

30.  Basleo,  Timor 

31.  Amarassi,  Timor 

32.  Salt  Range,  Pakistan 

32.  Salt  Range,  Pakistan 

33.  Cherrabun  Member,  Western  Australia 

34.  Nowra  Sandstone,  New  South  Wales 

35.  Cataract  River  Formation,  New  South  Wales 

36.  Murcc  Sandstone  Member,  New  South  Wales 

37.  Catherine  Sandstone,  Queensland 

38.  Barfield  Formation,  Queensland 

39.  Berry  Formation,  New  South  Wales 

40.  Mulbring  Siltstone,  New  South  Wales 

41.  Gerringong  Volcanics,  New  South  Wales 


late  Sakrnarian 

—58.205 

37.709 

early  Artinskian 

—66.709 

36.018 

late  Asselian/early  Sakrnarian 

—33.225 

102.437 

Artinskian 

—33.323 

102.414 

Artinskian 

—73.634 

146.722 

Artinskian 

—28.522 

98.41 

Artinskian 

34.622 

46.966 

Artinskian 

—51.955 

53.641 

Sakrnarian 

—46.219 

106.371 

Sakrnarian 

—55.893 

90.572 

late  Sakrnarian 

— 46.933 

85.206 

early  Artinskian 

— 52.458 

91.73 

Artinskian 

— 44.303 

85.269 

Artinskian 

— 45.238 

85.637 

Artinskian 

— 46.138 

85.17 

Artinskian 

— 44.995 

85.071 

Artinskian 

— 42.123 

83.422 

Roadian 

— 44.871 

84.995 

Artinskian 

— 40.204 

97.884 

Roadian 

—42.409 

99.892 

Sakrnarian 

—66.803 

150.768 

Sakrnarian 

—46.358 

138.739 

Sakrnarian 

—66.674 

148.991 

Sakrnarian 

—55.323 

148.811 

Artinskian 

—57.45 

137.508 

Artinskian 

—46.652 

130.858 

Artinskian 

—49.168 

134.154 

Artinskian 

—68.652 

131.47 

Artinskian 

—69.07 

129.877 

Artinskian 

—61.472 

134.654 

Artinskian 

—69.057 

131.104 

Wordian 

3.092 

21.134 

Wordian 

—1.899 

17.01 

early  Wordian 

—31.385 

100.182 

Wordian 

—31.239 

100.94 

Wuchiapingian 

—29.9 

97.878 

Wordian 

—37.026 

54.836 

Wuchiapingian 

—33.7 

54.662 

Wuchiapingian 

—39.075 

97.514 

Wordian 

—60.343 

129.119 

Wordian 

—54.308 

133.395 

Wordian 

—57.982 

131.094 

Wordian 

—19.514 

126.012 

Wordian 

—50.645 

129.6 

Wordian 

—59.531 

128.709 

Wordian 

—59.456 

129.697 

Wordian 

—59.452 

129.534 

Appendix  2.  Palaeolatitude  and  palaeolongitude  of  Tethyan  Permian  crinoid  localities.  Locality  followed  by  stage, 
palaeolatitude,  palaeolongitude.  South  palaeolatitudes  indicated  by  — ;  all  palaeolongitudes  east.  Locality  numbers 
correspond  to  localities  plotted  on  Figs  2-5. 
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Rigby,  J.  F.,  1998:11:30.  Glossopteris  occurrences  in  the  Permian  of  Irian  Jaya  (West  New 
Guinea).  Proceedings  of  the  Royal  Society  of  Victoria  110(1/2):  309-315.  ISSN  0035-9211. 
Glossopteris  species  predominate  in  the  Permian  floras  from  the  south  west  quarter  of 
the  island  of  New  Guinea.  These  include  Glossopteris  iriani  Rigby,  and  described  herein 
G.  jongmansii,  G.  skwarkoi,  G.  wagneri  and  5  or  more  imperfectly  known  forms,  possibly 
new  species.  Fossils  from  these  localities  link  the  region  to  Gondwanaland  biota.  Permian 
Cathaysian  species  also  occur,  these  have  been  described  elsewhere. 


MUCH  of  the  island  of  New  Guinea  forms  the 
northern  extent  of  the  Australasian  plate  being  the 
area  south  of  the  main  suture  zone  running  east- 
west  along  the  mountain  chain  forming  the  back¬ 
bone  of  the  island.  Permian  plant  occurrences  are 
all  located  south  of  the  suture.  These  occurrences 
include  plants  representing  both  the  Gondwanaland 
Flora  and  the  Cathaysian  Flora.  There  has  been  an 
unfortunate  trend  in  the  past  to  name  such  a  flora 
as  a  ‘mixed  flora’  implying  that  such  a  flora  is 
an  unnatural  manifestation.  This  is  not  the  case, 
all  that  is  indicated  is  that  the  occurrences  lay  in 
a  region  marginal  to  the  normal  ranges  of  the 
typical  floras  here  probably  climatically  determined. 
The  Gondwanaland  or  Glossopteris  Flora  was  sub¬ 
stantially  of  temperate  zone  occurrence  and  the 
Cathaysian  Flora  substantially  tropical. 

The  first  investigator  of  these  floras  in  New 
Guinea  was  Jongmans  (1940)  who  appears  to  have 
supported  the  concept,  then  popular,  that  the 
continents  in  the  geological  past  occupied  sub¬ 
stantially  the  same  position  that  they  do  at  present, 
that  is  ‘the  permanence  of  the  continents’.  Since 
then,  most  scientists  have  accepted  that  the  present 
position  of  the  continents  does  not  reflect  their 
positions  in  the  past.  One  problem  is  that  based 
on  palaeogeographical  reconstructions  utilising  data 
derived  from  the  Plate  Tectonics  Theory  the  whole 
of  New  Guinea  may  have  been  far  removed  from 
any  other  occurrences  of  the  Cathaysian  Flora,  and 
a  land-bridge  contact  was  necessary  for  seed-plants 
to  migrate  between  the  Cathaysian  region  and  New 
Guinea.  On  the  other  hand,  if  the  South  China 
block  was  close  to  New  Guinea,  then  the  North 
China  Block  would  have  been  distant  from  the 
South  China  Block  making  terrestrial  contact 
between  these  two  blocks  difficult  inhibiting  plant 
movement.  No  known  gymnosperm  seeds  from  the 
Permian  had  appropriate  protection  for  the  seed  to 


remain  viable  after  marine  immersion,  and  no 
animal  vectors  existed  to  enable  marine  transit 
to  occur.  Metcalfe  (1996)  has  examined  this  in 
presenting  a  reconstruction  which  addresses  the 
problems  of  marine  biota  distribution  but  terrestrial 
contacts  during  appropriate  times  in  the  Permian 
for  the  migration  of  gymnosperms  still  needs  to 
be  assessed.  However,  if  the  recent  reconstruction 
based  on  data  from  the  Earth  Expansion  Theory 
as  given  by  Carey  (1996:  fig.  44)  is  used,  the 
appropriate  segment  of  New  Guinea  was  adjacent 
to  areas  supporting  both  Ihe  Glossopteris  Flora  to 
the  south  and  the  Cathaysian  Flora  to  the  north. 
This  is  discussed  elsewhere  (Rigby  1998). 

Jongmans  (1940)  described  and  identified  fossil 
plants  from  the  general  region  J  on  the  locality 
map  (Fig.  1).  He  identified:  Sphenophyllum  verti- 
cillatum,  Pecopteris  sp.  cf.  P.  arcuata,  P ■  sp. 
cf.  P.  paucinervis,  P.  unita,  Taeniopteris  sp.  cf. 
T.  taiyuanensis,  T.  sp.  cf.  T.  multinervis  and 
Vertebraria.  It  should  be  noted  that  most  identi¬ 
fications  are  comparisons.  He  was  concerned  about 
the  age  of  the  flora  (Jongmans  1940)  favouring 
Westphalian.  Correspondence  he  had  with  the  late 
A.  B.  Walkom,  in  Sydney,  suggests  he  also  had 
some  misgivings  concerning  the  identifications. 
Some  of  these  species  are  redetermined  herein. 

Hermes  &  Schumacher  (1961:  appendix  1)  listed 
a  number  of  determinations  of  Permian  plants  by 
C.  A.  Hopping.  This  was  a  preliminary  listing  of 
species  differing  slightly  from  that  given  in 
Hopping  &  Wagner,  below. 

Hopping  &  Wagner  (1962)  identified  the 
following  species  in  a  photographic  atlas  with 
legends:  Glossopteris  sp.  cf.  G.  browrtiana,  G.  sp. 
cf.  G.  indica ,  G.  sp.  aff.  G.  retifera  (they  noted 
these  Glossopteris  identifications  were  tentative), 
Vertebraria  sp.,  Taeniopteris  sp.  cf.  T.  Itallei, 
Cladophlebis  sp.  cf.  C.  australis,  Pecopteris  tnonyi. 
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Fig.  1.  Irian  Jaya  (West  New  Guinea)  showing  areas 
where  collections  have  been  made  within  the  Permian 
Aiduna  Formation.  J,  specimens  submitted  to  Jongmans 
(1940);  R,  specimens  submitted  to  Rigby  (1997,  herein). 
(Map  from  Rigby  1997:  text  fig.  1.)  Localities  for 
specimens  described  by  Hopping  &  Wagner  (1962)  are 
not  known,  but  are  believed  to  be  in  the  same  region 
as  they  also  occurred  within  the  Aiduna  Formation.  These 
are  prefixed  by  W  on  Table  1. 


‘Validopteris’  sp.,  Sphenophyllum  sp.  cf.  S.  speci- 
osum.  Some  of  these  are  also  redetermined  below. 

Rigby  (1983)  issued  some  preliminary  identi¬ 
fications  with  neither  description  nor  illustration, 
based  on  the  collections  included  in  the  present 
study. 

Rigby  (1997)  described  the  Gondwanaland  affili¬ 
ate  Glossopteris  iriani,  the  Cathaysialand  affiliates 
Gigantonoclea  iriani,  Fascipteris  aidunae,  and  the 
endemic  Korana  hartonoi,  all  new  species.  Other 
species  of  Glossopteris  were  named  using  open 
nomenclature.  Some  of  these  latter  species  where 
sufficiently  detailed  evidence  has  been  preserved 
are  named  below.  Some  ferns  remain  to  be  studied, 
this  includes  Pecopteris  spp. 

Specimens  examined  by  Rigby,  above,  were 
collected  during  field  work  by  geologists  of  the 
Irian  Jaya  Geological  Mapping  Project  during  the 
1979  and  1980  field  mapping  seasons.  It  is  not 
possible  to  re-collect  in  the  area  as  it  has  been 
under  the  control  of  a  group  actively  antagonistic 
to  the  central  government  for  more  than  20  years. 


SYSTEMATIC  PALAEOBOTANY 
Rigby  (1997)  named  some  Glossopteris  leaves 


using  letters  for  species  names.  Some  of  the  letter. 
designated  species  have  been  named  herein,  t|ic 
remaining  species  have  been  kept  under 
previously  used  letter  designation.  The  distribution 
of  species,  all  collected  in  the  Aiduna  Formation 
is  given  on  Table  1.  Because  of  unusual  cirCum. 
stances,  specimens  arc  referred  to  by  locality  not 
specimen  numbers.  The  probable  repository  wj|] 
the  Indonesian  Macropalaeontological  CoIlections 
Geological  Research  and  Development  Centre 
Bandung,  Indonesia. 


Genus  Glossopteris  Brongniart  (1828)  183) 
Fig.  2A,  B 

Glossopteris  iriani  Rigby  1997 

1997  Glossopteris  iriani  Rigby:  297-298;  pi.  2,  figs  | 
2;  text  fig.  2F. 

Rigby  (1997)  has  given  the  following  data  con¬ 
cerning  this  species  repeated  here  for  completeness 
in  the  discussion  of  Glossopteris  from  Irian  Jaya. 
Figure  numbers  are  those  used  in  this  paper. 

‘Description:  Narrowly  obovate  leaf,  apex  acute, 
contracting  very  gradually  basally,  midrib  broad 
over  more  than  half  the  length  narrowing 
towards  the  apex;  secondary  venation  curving 
gently  from  the  midrib  to  the  margin,  degree 
of  arching  7°,  marginal  angle  55°,  cross  con¬ 
nections  rare,  occurring  more  commonly  near 
the  midrib.  Cuticle  and  fructification  unknown. 

‘Comparison:  This  species  does  not  resemble  any 
species  from  Australia,  South  America  or  India 
in  venation  pattern.  Glossopteris  symmetrifolia 
Anderson  &  Anderson  1985  from  southern 
Africa  has  a  similar  venation,  but  is  a  larger, 
ovate,  much  broader  leaf. 

‘Material:  80  BH  302D,  holotype;  80  P  279A, 

1 1  examples,  including  the  specimen  Figs  2A, 
2B;  79  RY  189A,  one  example;  79  SS  7,  one 
example.’ 


Glossopteris  jongmansii  sp.  nov. 

Fig.  2H 

1940  Taeniopteris  sp.  cf.  multinervis  Weiss — Jongmans, 
p.  271;  figs  10,  10a. 

1997  Glossopteris  sp.  F — Rigby,  pi.  2,  fig.  5. 

Diagnosis.  Broad  leaf,  length  unknown,  leaves 
up  to  35  mm  between  midrib  and  margin,  probably 
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Species  Locality  J1  12  W8  WIO  Wll  W12  W13  W14  R1  R2  R3  R4  R5  R6  R7  R8  R9  RIO  RI1  RI2 


Trizygia  speciosa  Royle 

+ 

+ 

+  ? 

Pecopteris  sp.  A 

+ 

+ 

+  + 

Pecopteris  sp.  B 

+ 

Pecopteris  sp.  C 

+ 

fern  frond 

Ptychocarpus  sp. 

+ 

+  + 

+ 

Cladophlebis  sp. 

+ 

Fascipteris  aidunae  Rigby 

+ 

+ 

+ 

Glossopteris  iriani  Rigby 
Glossopteris  jongmansii 

+ 

+  + 

+ 

sp.  nov. 

Glossopteris  skwarkoi 

+ 

+ 

sp.  nov. 

Glossopteris  wagneri 

+ 

+ 

sp.  nov. 

G.  sp.  cf.  G.  retifera 

+  + 

+ 

Feistmantel 

+ 

+ 

Glossopteris  sp.  B 

+ 

Glossopteris  sp.  C 

+  + 

+ 

Glossopteris  sp.  E 
Glossopteris  sp.  F 

+ 

+ 

Glossopteris  sp.  H 

+ 

+ 

Glossopteris  sp.  indet 

+  + 

Vertebraria  indica  Royle 

+ 

+ 

+  + 

+ 

Gigantonoclea  iriani  Rigby 

+ 

Koraua  hartonoi  Rigby 

+ 

Table  1.  Distribution  of  Permian  plants  from  Irian  Jaya.  The  localities  arc  designated  J  from  Jongmans  (1940), 
VV  from  Hopping  &  Wagner  (1962)  and  R  from  Rigby  (1997)  and  herein.  Jl,  Octakwa  River,  field  locality 
P.  2929.  J2,  Setja  River,  field  locality  K.  P.  131.  W8,  Aidoena  River.  W10,  Tipoema  River.  Wll,  Kenataure 
River.  W12,  Upper  Aria  River.  W13,  Poeragi  well,  2188-2194  m.  W14,  Aifat  River.  Rl,  79  SS  7.  R2, 

79  CP  201.  R3,  79  RY  188C.  R4,  79  RY  189A.  R5,  80  AG  64B.  R6,  80  BH  302D.  R7,  80  P  201A.  R8, 

80  P  201B.  R9,  80  P  201C.  R10,  80  P  278A.  Rll,  80  P  279A.  R12,  80  UH  200C.  These  are  the  only 
locality  data  available  to  me. 


lanceolate?;  midrib  strong  and  prominently  ribbed; 
secondary  venation  straight  and  parallel  for  most 
of  its  length,  marginal  angle  78°,  veins  curve 
sharply  on  branching  from  the  midrib  over  a 
distance  of  a  few  mm,  veins  anastomose  and 
dichotomise  over  this  region,  which  is  where 
almost  all  cross-connections  occur,  vein  density 
along  margin  is  18-20  per  10  mm. 

Comparison.  This  species  has  a  taeniopteroid 
venation  similar  to  that  found  in  some  of  the  larger 
sized  Glossopteris  leaves.  Glossopteris  syaldiensis 
Chandra  &  Surange  1979  from  the  Barakar  For¬ 
mation  of  India  had  similar,  but  not  as  strikingly 
open  meshes  in  the  secondary  venation  but 
extending  further  from  the  midrib,  and  had  some 
cross-connections  away  from  the  midrib. 
Glossopteris  occidentalis  White  1908  had  less 
pronounced  areoles  along  the  midrib  and  some 
cross-connections  away  from  the  midrib. 


Discussion.  Jongmans  (1940)  apparently  either 
did  not  see  or  failed  to  appreciate  the  presence 
of  cross-connections  between  secondary  veins 
alongside  the  midrib  as  he  considered  it  to  be  a 
Taeniopteris  leaf.  Glossopteris  jongmansii  had  a 
closely  similar  arrangement  of  secondary  veins  to 
a  typical  Taeniopteris  except  that  in  the  latter 
there  was  never  any  connection  between  veins  after 
initial  branching. 

Holotype.  Specimen  shown  as  Fig.  2H,  from 
locality  79  SS  7. 

Distribution.  Aiduna  Formation,  79  SS  7,  also 
present  in  Jongmans’  collections. 

Origin  of  name.  After  W.  Jongmans,  the  Dutch 
palaeobotanist  who  first  examined  the  Permian 
flora  of  Irian  Jaya. 


'S*rfr. 
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Glossopteris  sp.  cf.  G.  retifera  Feistmantel  1881 
Fig.  2F 

1962  Glossopteris  aff.  retifera  Feistmantel — Hopping  & 
Wagner,  Figs  3,  3a,  3b. 

1997  Glossopteris  sp.  D  in  Rigby,  table  I. 

Discussion.  The  leaf  fragments  examined  by  both 
Hopping  &  Wagner  (1962)  and  Rigby  (1997)  are 
too  incomplete  to  verify  as  G.  retifera  from  the 
Raniganj  Formation  of  India,  but  there  are  no  other 
named  species  with  a  similar  pattern  in  the 
secondary  venation.  This  species  recognition  cannot 
be  used  as  a  basis  for  age  determination  as  it  is 
a  comparison. 

Distribution.  Poeragi  1  well  between  2188- 
2194  m  (Hopping  &  Wagner,  locality  13).  Locality 
80  P  279  A  (Rigby). 

Glossopteris  skwarkoi  sp.  nov. 

Fig.  21 

1940  Taeniopteris  cf.  taiyuanensis  Halle — Jongmans,  pp. 
270-271;  pi.  3,  figs  9,  9a. 

1997  Glossopteris  sp.  G  in  Rigby,  pi.  2,  fig.  3;  table  1. 

Diagnosis.  The  upper  part  only  of  an  apparently 
lanceolate  leaf,  apex  acute,  midrib  distinct, 
prominent  and  fairly  narrow;  secondary  venation 
arises  at  an  angle  of  about  60°  without  any 
significant  areolar  or  curving  region  adjacent  to 
the  midrib,  veins  may  dichotomise  adjacent  to  the 
midrib,  then  again  throughout  the  blade,  having 
approximately  12  veins  per  10  mm  near  the  midrib, 
and  30-36  per  10  mm  at  the  margin;  there  may 
be  3^f  anastomoses  between  the  midrib  and  the 
margin,  cross-connections  are  rare. 

Discussion.  Jongmans  (1940)  failed  to  notice  the 
anastomoses  and  cross-connections  between  the 
secondary  veins. 

Comparison.  Glossopteris  skwarkoi  resembles 
most  closely  G.  emarginata  Mahcshwari  &  Prakash 
1965  from  the  Raniganj  Formation,  India,  for  the 
density  and  pattern  of  the  secondary  venation, 
however  G.  skwarkoi  had  an  acute  apex  and 
G.  emarginata  an  cmarginatc  apex. 


Holotype.  Specimen  shown  as  Fig.  21  from 
locality  79  SS  7. 

Distribution.  Aiduna  Formation,  locality  79  SS  7, 
and  Jongmans’  locality  Oetakwa  River. 

Origin  of  the  name.  S.  Skwarko,  of  the  then 
Bureau  of  Mineral  Resources,  during  participation 
in  the  joint  Austral  ian-Indonesian  Geological 
Mapping  Project  collected  the  holotype. 

Glossopteris  wagneri  sp.  nov. 

Fig.  2D,  E 

1997  Glossopteris  sp.  A  in  Rigby,  pi.  2,  fig.  4;  table  1. 

Diagnosis.  Linear  lanceolate  leaf,  apex  acute, 
tapering  base  apparently  non  pctiolate,  midrib 
prominent,  narrow,  with  anastomosing  ribbing, 
secondary  venation  arched,  degree  of  arching 
30°,  marginal  angle  60-65°,  veins  spaced  10  per 
10  mm,  dichotomies  and  cross-connections  between 
veins  rare. 

# 

Comparison.  This  species  is  similar  to  Glossopteris 
iriani  differing  in  being  a  shorter,  narrower  leaf 
with  the  degree  of  arching  of  the  secondary 
venation  30°,  marginal  angle  60-65°  compared 
with  G.  iriani  7°  and  55°. 

Holotype.  Specimen  shown  as  Fig.  2E  from 
locality  79  SS  7. 

Distribution.  Aiduna  Formation,  localities  79  SS 
7,  8  specimens,  also  a  few  specimens  from  79 
CP  201,  80  P  278  A. 

Origin  of  name.  After  R.  H.  Wagner,  of  the  Jardin 
Botanico,  Cdrdoba,  Spain,  who  co-authored  the 
description  of  the  collections  made  by  the  ‘Neder- 
landsche  Nieuw  Guinee  Petroleum  Maatschappij 
1935-1960’. 


Glossopteris  sp.  B 

1962  Glossopteris  cf.  browniana  Brongniart — Hopping  & 
Wagner,  figs  1,  la. 


Fig.  2.  Permian  Glossopteris  from  Irian  Jaya  (West  New  Guinea).  All  figures  natural  size.  A,  B,  Glossopteris 

iriani  Rigby  1997.  The  best-preserved  example,  80  P  279A.  C,  Glossopteris  sp.  F.  79  RY  189A.  D,  E,  Glossopteris 

wagneri  sp.  nov.:  D,  paratype,  79  SS  7;  E,  holotype,  79  SS  7.  F,  Glossopteris  sp.  cf.  G.  retifera  Feistmantel, 

80  P  279A.  G,  Glossopteris  sp.  H,  79  RY  189A.  H,  Glossopteris  jongmansii  sp.  nov.  holotype,  79  SS  7. 

I,  Glossopteris  skwarkoi  sp.  nov.  holotype,  79  SS  7. 
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Not  present  in  my  collections.  I  am  unable  to  offer 
any  meaningful  suggestions  as  to  the  specimen’s 
identity  based  on  my  photocopy  of  the  original, 
the  only  illustration  1  have  access  to. 

Distribution.  Tipoema  River,  Hopping  &  Wagner’s 
locality  10. 

Glossopteris  sp.  C 

1962  Glossopteris  cf.  indica  Schimper — Hopping  & 
Wagner,  figs  2,  2a. 

1997  Glossopteris  sp.  C  in  Rigby,  pi.  2,  fig.  7;  table  1. 

These  specimens  differ  from  typical  both  G.  iriani 
and  G.  wagneri,  the  differences  may  be  sufficient 
to  erect  a  new  species,  or  possibly  to  show  merging 
characters  with  either  of  these  species  if  more,  or 
better  preserved  material  were  available.  The  type 
specimen  of  Glossopteris  indica  is  a  very  much 
larger  leaf  with  a  more  open,  less  strongly  arched 
venation,  and  proportionally  narrower  midrib. 

Distribution.  Poeragi  1  well  at  2188-2194  m. 
Hopping  &  Wagner’s  locality  13;  Aiduna  Formation 
at  localities  79  SS  7,  79  RY  189  A. 


Glossopteris  sp.  E 

1962  Taeniopteris  cf.  hallei  Kawasaki — Hopping  & 
Wagner,  figs  5,  5a. 

There  appears  to  be  some  cross-connections 
between  the  secondary  veins.  I  am  unable  to  make 
any  meaningful  comparisons  based  on  my 
photocopy  of  the  original. 

Distribution.  Aifat  River,  Hopping  &  Wagner’s 
locality  14. 

Glossopteris  sp.  F 
Fig.  2C 

1997  Glossopteris  sp.  F  (partim )  in  Rigby,  pi.  2,  fig.  3; 
text  fig.  2G;  table  1. 

Some  specimens  designated  Glossopteris  sp.  F 
by  Rigby  (1997)  have  been  re-identified  as 
G.  jonginansii  herein,  from  locality  79  SS  7. 
A  specimen  from  locality  79  RY  189  A  has  been 
retained  here.  The  only  specimen  of  G.  sp.  H 
also  came  from  this  locality.  I  think  both  may 
prove  to  be  valid  species  with  additional  material, 
so  have  retained  them  under  separate  letter 
designations. 


Glossopteris  sp.  H 
Fig.  2G 

1997  Glossopteris  sp.  H  in  Rigby,  pi.  2,  fig.  9;  text  fiB 
2D;  table  1.  8 

See  under  Glossopteris  sp.  F  for  discussion. 


OTHER  IDENTIFIED  SPECIES 

Besides  species  of  Glossopteris,  other  species  have 
been  identified  and  discussed  elsewhere.  Their 
distribution  and  locality  data  is  given  on  Table  j 


Trizygia  speciosa  Royle  1839 

1940  Sphenophyllum  verticillatum — Jongmans,  p.  271 
pi.  1,  fig.  1. 

1962  Sphenophyllum  cf.  speciosum — Hopping  &  Wagner 
fig.  4. 

1997  Trizygia  speciosa  Royle — Rigby,  pi.  1,  fig.  3. 


Fascipteris  aidunae  Rigby  1997 

1940  Pecopteris  unita — Jongmans,  p.  270;  pi.  2,  f,gs 
7,  7a. 

1962  'Validopteris'  sp. — Hopping  &  Wagner,  figs  8,  8a. 
1997  Fascipteris  aidunae  Rigby,  pp.  298-299;  pi.  1,  figs 
4,  5;  text  fig.  21.  (Note  that  fig.  5  is  the  hoIotype 
and  fig.  4  the  paratype.) 


Vertehraria  indica  Royle  1839 

1940  Vertehraria — Jongmans,  p.  271;  pi.  1,  fig.  1. 
1962  Vertehraria  sp. — Hopping  &  Wagner,  fig.  4. 


Gigantonoclea  iriani  Rigby  1997 

1997  Gigantonoclea  iriani  Rigby,  p.  298;  pi.  1,  fig.  2; 
text  figs  2A,  2B. 


Koraua  hartonoi  Rigby  1997 

1997  Koraua  hartonoi  Rigby,  p.  300;  pi.  1,  fig.  2;  pi. 
2,  fig  6;  text  fig  3. 

Some  species  listed  on  Table  1  need  to  be  revised, 
or  have  yet  to  be  described,  including:  Pecopteris 
spp.  A,  B,  C,  fern  frond,  Ptychocarpus  sp., 
Cladophlebis  sp. 
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CONCLUSIONS 

All  taxonomically  defined  species  are  endemic  to 
the  southwestern  quarter  of  the  island  of  New 
Guinea,  except  for  the  very  widely  distributed 
Vertebraria  indica,  so  cannot  be  used  to  define 
age  more  precisely  than  Permian.  Shi  et  al.  (1995), 
and  references  they  cite,  date  the  Aiduna  Formation 
as  lying  within  the  range  of  Late  Sakmarian  to 
Early  Artinskian  based  on  faunas. 

The  composition  of  the  flora  indicates  a  land 
connection  with  regions  growing  both  the 
Gondwanaland  temperate  flora  and  the  Cathaysian 
tropical  flora.  All  seed  plants  are  endemic  to  the 
area,  but  most  belong  to  genera  found  elsewhere, 
namely  Glossopteris  and  Gigantonoclea. 

ACKNOWLEDGEMENTS 

D.  B.  Dow  and  C.  J.  Pigram  of  the  Australian 
Geological  Survey  Organisation,  Canberra,  who 
were  engaged  in  the  Irian  Jaya  Mapping  Project, 
1979  and  1980,  for  allowing  me  to  describe  the 
collection.  K.  R.  Surange  and  S.  Chandra,  Birbal 
Sahni  Institute  of  Palaeobotany,  Lucknow,  India, 
and  R.  H.  Wagner,  Jardin  Botanico,  Cordoba, 
Spain,  for  useful  discussions.  My  referees  for 
drawing  my  attention  to  pertinent  literature  un¬ 
known  to  me.  Research  was  undertaken  in  the 
School  of  Natural  Resource  Sciences,  Queensland 
University  of  Technology,  Brisbane,  Queensland. 

REFERENCES 

Anderson,  J.  M.  &  Anderson,  H.  M„  1985.  Palaeofloras 
of  southern  Africa.  Prodromus  of  South  African 
megafloras  Devonian  to  Lower  Cretaceous. 
Balkema,  Rotterdam.  423  pp. 

Brongniart,  A.,  1828.  Prodrome  d’une  histoire  des 
vdgdtaux  fossiles,  au  recherches  botaniques  et 
gcologiques  sur  les  vegdtaux  rcnfcrmds  dans  les 
diverse  couches  du  globe.  Dictionnaire  des 
Sciences  naturelles  57:  16-212. 

Brongniart,  A.,  1831.  Histoire  des  vigelaux  fossiles  ou 
recherchess  botaniques  el  gcologiques  sur  les 
vegetaux  renfermes  dans  le  diverses  couches  du 
globe.  Dufour  &  D'Ocagne,  Paris,  vol.  1,  pt  5, 
pp.  209-248,  pis  50,  53,  57,  58,  61bis,  62,  64. 
65,  67,  68,  70.  71,  73,  76. 

Carey,  S.  W„  1996.  Earth  Universe  Cosmos.  University 
of  Tasmania,  Hobart,  xiii+231  pp. 

Chandra,  S.  &  Surange,  K.  R.,  1979.  Revision  of  the 
Indian  species  of  Glossopteris.  Birbal  Sahni 
Institute  of  Palaeobotany  Monograph  2:  1-291. 


Feistmantel,  O.,  1880.  The  fossil  flora  of  the  Gondwana 
System — 2.  The  flora  of  the  Damuda  and  Panchet 
divisions  (conclusion).  Memoirs  of  the  Geological 
Survey  of  India.  Palaeontologia  indica.  (12)3(3): 
78-149,  pis  17A-47A. 

Hermes,  J.  J.  &  Schumacher,  F.  C.,  1961.  Summary 
of  stratigraphy  of  Netherlands  New  Guinea. 
Proceedings  of  the  Ninth  Pacific  Science  Congress: 
318-324. 

Hopping,  C.  H.  &  Wagner,  R.  H.,  1962.  Plant  fossils. 
Enclosure  17:  1-11.  In  Geological  results  of 
the  exploration  for  oil  in  Netherlands  New 
Guinea,  W.  A.  Visser  &  J.  J.  Hermes,  eds, 
Koninklijk  Nederlands  geologisch  mijnbouwkundig 
genootschap.  Geologisch  serie,  Speciaal  nummer 
20. 

Jongmans,  W.  J.,  1940.  Beitrage  zur  Kenntnis  der 
Karbonflora  von  Niederlandisch  Neu-Guinea. 
Geologische  Stichting,  Mededeelingen  1938-1939: 
263-274,  pis  1-3. 

Maheshwari,  H.  K.  &  Prakash,  G„  1965.  Studies  in 
the  Glossopteris  Flora  of  India — 21.  Plant  mega¬ 
fossils  from  the  Lower  Gondwana  exposures 
along  Bansloi  River  in  Rajmahal  Hills,  Bihar. 
Palaeobotanist  13(2):  1 15-128,  pis  1-3. 

Metcalfe,  I.,  1996.  Pre-Cretaceous  evolution  of  SE  Asian 
terranes.  In  Tectonic  Evolution  of  Southeast  Asia, 
R.  Hall  &  D.  Blundell,  eds.  Geological  Society 
Special  Publication  106:  97-122. 

Rigby,  J.  F.,  1983.  Plant  fossils  from  the  Aiduna 
Formation.  Appendix  3.  In  Geological  Data 
Record  Waghete  (Yapekopra)  1:250,000  sheet 
area  Irian  Jaya,  C.  J.  Pigram  &  H.  Panggabean, 
eds.  Geological  Research  and  Development 
Centre,  Bandung,  91-92,  3  unnumbered  maps. 

Rigby,  J.  F.,  1997.  The  significance  of  a  Permian  flora 
from  Irian  Jaya  (West  New  Guinea)  containing 
elements  related  to  coeval  floras  of  Gondwanaland 
and  Cathaysialand.  Palaeobotanist  45:  295-302. 

Rigby,  J.  F„  1998.  Upper  Palaeozoic  floras  of  SE  Asia. 
In  Biogeography  and  Geological  Evolution  of  SE 
Asia,  R.  Hall  &  J.  D.  Holloway,  eds,  Backhuys, 
Leiden,  73-82. 

Royle,  J.  F„  1839.  Illustrations  of  the  botany  and  other 
branches  of  natural  history  of  the  Himalayan 
Mountains  and  the  flora  of  Cashmere.  Win  H. 
Allen  &  Co.,  London,  vol.  2,  100  pp. 

Shi  G.  R.,  Archbold.  N.  W.  &  Zhan,  L.-P.,  1995. 
Distribution  and  characteristics  of  mixed  (tran¬ 
sitional)  mid-Pcrmian  (Late  Artinskian-Ufimian) 
marine  faunas  in  Asia  and  their  palaeogeographical 
implications.  Palaeogeography,  Palaeoclimatology, 
Palaeoecology  114:  241-271. 

White,  D..  1908.  Fossil  flora  of  the  coal  measures  of 
Brazil.  In  Final  Report.  Commissao  de  Estudos 
das  Minas  de  Pedra  do  Brazil,  1.  C.  White,  ed., 
Rio  de  Janeiro,  pt  3,  337-605,  14  pis. 


NORTH-EAST  ASIAN  TERRANES  AND  PERMIAN  PALAEOGEOGRAPHY 
IN  INNER  MONGOLIA,  CHINA 


Shao  Ji’an1  &  Zhan  Lipei2 

'Peking  University,  Beijing  100871,  People’s  Republic  of  China 
2  Institute  of  Geology,  Chinese  Academy  of  Geological  Science,  Beijing  100037, 
People’s  Republic  of  China 

Shao  Ji’an  &  Zhan  Lipei,  1998:11:30.  North-east  Asian  terranes  and  Permian  palaeogeography 
in  Inner  Mongolia,  China.  Proceedings  of  the  Royal  Society  of  Victoria  110(1/2):  317-321. 
ISSN  0035-9211. 

This  work  discusses,  in  view  of  terrane  tectonics,  why  the  Tethyan  and  Gondwana- 
Tethyan  fossils  appear  in  North-east  Asia  and  demonstrates  that  the  Inner-Mongolian 
epicontinental  sea  was  not  connected  with  Yanbian-Sikhote  area  in  the  Permian. 


THE  TETHYS  is  a  nearly  E-W  stretching  ancient 
ocean  between  the  Gondwanaland  and  Laurasia.  It 
was  consumed  in  the  Late  Permian-Early  Triassic. 
However,  fossils  of  the  Tethys  and  even  the 
Gondwana-Tethys  have  been  found  frequently  in 
the  Yanji  area  of  Jilin  Province  and  the  Nadanhada 
of  east  Heilongjiang  Province  in  North-cast  China, 
as  well  as  in  the  Far  East  of  Russia,  accompanied 
by  a  suit  of  residual  segments  of  palaeo-seamount 
and  ophiolite,  which  can  be  divided,  through  our 
work,  into  two  types,  one  of  which  is  represented 
by  the  Yanji-Khanka-South  Primorye  Terrane  con¬ 
taining  the  Gondwana-affinity,  or  the  Gondwana- 
Tethyan,  fossils.  These  fossils  are  preserved  in 
gravels  or  blocks  of  olistostrom;  they  usually 
coexist  with  Cordilleran-type  ophiolite  residues 
(Shao  et  al.  1995a;  Zhang  1990).  The  other  is 
represented  by  the  Nadanhada  Terrane  containing 
Tethyan  fauna  fossils.  These  fossils  are  preserved 
in  limestones.  The  limestones  and  associated 
basalts  are  seamount  residues  (Mizutani  et  al.  1990; 
Shao  et  al.  1991).  The  basalts  are  rich  in  alkaline 
and  Tt,  mainly  picrite,  and  with  features  of  ocean 
island  basalts.  There  are  also  seamount  type  mafic- 
ultramafic  rocks,  used  to  be  referred  to  as  Raohe 
ophiolite,  rich  in  Fe,  Ti  and  light  rare  earth 
elements. 

Mixed  assemblages  of  warm-water  and  cool- 
water  faunas  in  the  Yanji  area  can  be  compared 
with  those  in  Tibet  and  West  Yunnan  (Baoshan 
area)  of  China,  as  well  as  Russia  and  Japan 
(Tazawa  1991;  Zhan  &  Shao  1993)  (Table  1).  The 
Early  Permian  fusulinids,  corals  and  brachiopods 
are  comparable  with  those  in  Tibet  in  their  faunal 
features,  evolution,  and  mixing  of  warm-water 
and  cool-water  faunas.  The  mixed  faunas  include 
warm-water  fusulinid  Parafusulina,  Pseudofusulina , 
associated  with  cool-water  Monodiexodina,  Cathay- 
sian-Tethys  brachiopods  Haydettella ,  Spino- 
marginifera ,  Urushthenoidea  and  Transennatia 


mixed  with  cool-water  brachiopods  Yakovlevia, 
Liosotella,  Costiferina,  Marginifera  cf.  himalay- 
ensis,  Neospirifer  and  Spiriferella.  Similarly,  the 
Yanji  faunas  are  comparable  with  those  in  South 
Primorye  of  Russia  and  Kitakami  Mountains  of 
Japan.  A  set  of  fusulinids  and  corals  belonging 
to  the  warm- water  type  (C3-P1)  are  found  in 
Nadanhada,  with  typical  features  of  the  Cathaysian- 
Tethys  faunas  and  evolutionary  tendency  roughly 
similar  to  that  of  the  Southcm-Guizhou  faunas  of 
South  China  (Table  2),  Bikin  of  Russia,  Mino  of 
Japan,  Taiwan  and  Fujian  of  China. 

On  the  existence  of  the  Tethyan  faunas  in  north¬ 
east  Asia,  different  explanations  have  been  put 
forward  by  previous  researchers.  Huang  &  Chen 
(1987)  referred  to  it  as  the  Mongolian-Sikhote 
Tethys;  Sheng  &  Wang  (1981)  called  it  Angara 
Tethys,  explaining  the  mixing  of  cool  and  warm 
water  faunas  with  the  northward  warm  current 
(Tazawa  1991;  Tang  et  al.  1992;  Shi  &  Zhan 
1995). 

We  explain  it  in  terms  of  terrane,  considering 
the  Tethyan  residues  found  now  on  the  high 
latitudes  in  north-east  Asia  as  being  originally 
formed  on  the  low  latitudes  in  the  eastward 
extended  part  of  the  Tethyan  Ocean  in  the  Permian. 
At  this  time,  the  spreading  ridge  is  E-W,  roughly 
parallel  with  the  main  consuming  zone  on  its 
north  side.  The  Tethyan  Ocean  is  then  cut  up  into 
segments  and  successively  transported  northward 
by  activities  of  a  series  of  transform  faults.  The 
segments  sticking  onto  the  eastern  margin  of  the 
Asian  continent  are  later  pushed  further  onto  the 
high  latitudes  by  the  continental  margin  strike-slip 
fault  system  (Shao  1998)  (Fig.  1).  This  argument 
has  been  proved  with  the  biogeographical  and 
palacomagnctic  data  of  the  Nadanhada  terrane. 
Study  on  the  conodonts  shows  that  the  terrane  was 
still  in  the  warm-water  Tethys  domain  at  latitude 
less  than  30°N  in  Late  Triassic  (Wang  et  al.  1986) 
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Y 

T 

R 

J 

Y 

T 

R 

J 

Parafusulina 

X 

X 

X 

Leptodus 

X 

X 

X 

X 

Schwagerina 

X 

X 

X 

Geyerella 

X 

X 

Pseudofusulina 

X 

X 

X 

Meekella 

X 

X 

X 

Chusenella 

X 

X 

X 

Spinomarginifera 

X 

X 

X 

Neoschwagerina 

X 

X 

X 

Urushtenoidea 

X 

X 

Yabeina 

X 

X 

X 

Permundaria 

X 

X 

Neomisellina 

X 

X 

X 

Permianella 

X 

P  Sumatrina 

X 

X 

Haydenella 

X 

X 

X 

Lepidolina 

X 

X 

X 

Transennatia 

X 

X 

X 

X 

Monodiexodina 

X 

X 

X 

X 

Tyloplecta 

X 

X 

X 

Verbeekina 

X 

X 

Derbyia 

X 

X 

X 

X 

Codonofusiella 

X 

X 

X 

g  Waagenoconcha 

X 

X 

X 

X 

Pseudodoliolina 

X 

X 

X 

Anidanthus 

X 

X 

X 

X 

Reichelina 

X 

X 

Stenoscisma 

X 

X 

X 

X 

Rauserella 

X 

X 

Spiriferella 

X 

X 

X 

X 

Kahlerina 

X 

X 

X 

Neospirifer 

X 

X 

X 

Szechuanophyllum 

X 

Yakovlevia 

X 

Yatsengia 

X 

X 

Muinvoodia 

X 

X 

Wetzelella 

X 

X 

X 

Costiferina 

X 

X 

^  Wentzelloides 

X 

X 

Lamnimargus 

X 

X 

X 

Waangenophyllum 

X 

Kiangsiella 

X 

Lytvolasma 

X 

Edriasteges 

X 

X 

Cyathocarinia 

X 

Strophalosiina 

X 

X 

Polythecalis 

X 

X 

Squamularia 

X 

Timorites 

X 

X 

A  Xenodiscus 

X 

Cyclolobus 

X 

X 

Table  I.  Correlation  chart  of  Permian  fossils  in  Yanji,  Tibet,  Russia  (South  Primorye)  and  Japan  (Kitakami). 
Y,  Yanji,  China;  T,  Tibet,  China;  R,  Russia;  J,  Japan.  F,  Fusulinida;  C,  coral;  B,  Brachiopoda;  A,  ammonites. 


South  Guizhou  in  South  China 

Nadanhada  in  North-east  China 

P2 

Wujiapingian 

Codonofusiella-Reichelina  Zone 

Pi 

Maokouan 

Yabeina-Neomisellina  Zone 
Neoschwagerina  Zone 
Cancellina-Parafusulina  Zone 

Neoschwagerina  Zone 

Qixian 

Longyinian 

Misellina-Brevaxina  Zone 
Pamirina-Chalaroshwagerina  Zone 
Sphaeroschwagerina  glomerose  Zone 

Misellina  Zone 
Chalaroschwagerina  Zone 

c2 

Mapingian 

Pseudoschwagerina  Zone 

Triticites  Zone 

Montiparus  Zone 

Pseudoschwagerina  Zone 
Triticites  Zone 

Table  2.  Comparison  of  Palaeozoic  fossil  assemblage  zones  in  Nadanhada  and  southern  Guizhou,  China. 


and  the  radiolarian  fossils  show  that  it  arrived  at 
the  deep  cool  water  environment  after  Jurassic 
(Zhang  1992).  Our  palaeomagnetic  data  (Shao 


et  al.  1995b)  indicate  the  following  sequence  of 
the  positions  of  the  terrane:  C3 — 19.4°S,  Pi — 
10.3°S,  T3— 12.2°N,  K,— 33.6°N  (Fig.  1).  In 
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Fig.  I.  The  Mesozoic  North-east  Asian  continental  margin  and  its  evolutionary  history.  1.  Mesozoic  Asian 
continent.  2.  Accretional  margin  of  the  Mesozoic  Asian  continent.  3.  A,  Nadanhada-Bikin  terrane;  B,  Yanji- 
Khanka-South  Primorye  Terrane.  4.  Palaeotethyan  Ocean  or  palaeooceanic  residual  pieces.  5.  Ancient  seamounts. 
6.  Palaeolatitudes  of  different  strata. 


the  Yanji-Khanka-South  Primorye  terrane,  not 
only  are  there  faunas  with  the  Gondwana-Tethys 
features  in  the  Early  Permian,  also  Glossopteris 
have  been  found  by  Zimina  (1967)  and  Huang  (in 
Tang  et  al.  1992)  which  do  not  exist  elsewhere 
in  North-east  Asia  and  arc  neglected  by  many 
researchers.  In  addition,  in  the  South  Primorye  area 
Timorites  and  Cyclolobus  have  been  found,  which 
are  also  found  in  north  Tibet,  Kashmir  and  Timor 
island.  The  warm  type  ‘Tianqiaoling  flora’  (Tt)  is 
found  in  the  Yanbian  area  (Sun  1981),  but  the  cool 
type  ‘Dajianggang  flora’  (Tm)  exists  in  the  central 
and  southern  parts  of  Jilin  Province,  which  attaches 
to  the  Yanbian  area  through  the  Dun-Mi  fault. 
Previous  palacomagnetic  data  show  a  sequence 
of  the  terrane  locations  as:  Pi — 3.3°S,  T3 — 
22.9°N,  Ji— 29.4°N  (Liu  1994),  Ki^U°N  and 
N — 46.5°N  (Bretstein  1988),  the  Neogene  palaco- 
latitude  approaching  the  present  latitude. 

Much  has  been  done  by  palaeontologists  on  the 


Permian  palaeogeography  of  Inner  Mongolia.  Some 
palaeontologists  suggested  that  Inner  Mongolia- 
Yanbian-Japan  belong  to  the  same  seaway  during 
the  Permian,  called  ‘Sino-Mongolian  Seaway’  (Shi 
&  Zhan  1996)  or  the  ‘Inner  Mongolian-Japanese 
Transition  Zone’  (Tazawa  1991).  Some  tcctonists 
(Li  &  Wang  1983)  concluded  that  the  suture  line 
of  the  Siberian  and  North-China  plates  went  across 
central  Inner  Mongolia,  passing  through  the  Xar 
Moron  River  and  the  collision  took  place  before 
the  Late  Permian.  One  of  their  reasons  is  that 
there  arc  different  bioclimatic  zones  on  each  side 
of  the  river  in  the  Early  Permian  (Huang  1983). 
We  believe  that  the  collision  of  the  two  plates 
occurred  in  the  Late  Devonian-Early  Carboniferous; 
during  the  Permian  this  area  was  already  an  epi¬ 
continental  sea  (Shao  1991).  The  phenomenon  of 
the  mixed  warm-water  and  cool-water  faunas  exists 
actually  on  both  sides  of  the  Xar  Moron  River 
(Table  3). 
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North  of  Xar  Moron  River 

South  of  Xar  Moron  River 

Jisu  Formation 

Huanggangliang  Formation 

Yujiabeigou  Formation 

Spiriferella,  Yakovlevia,  Liosotella, 
Horridonia,  Kochiproduclus, 
Gypospirifer,  Schwagerina, 
Pseudodoliolina,  Parafusulina, 
Codonofusiella,  Waagenophyllum, 
Enteletes,  Wentzelella,  Richthofenia 

Cyathocarinia,  Bradyphyllum, 
Metriophyllum,  Neospirifer, 
Spiriferella,  Yakovlevia, 
Kochiproduclus,  Liosotella, 
Anidanthus,  Waagenoconcha, 
Pseudodoliolina,  Leptodus  nobilis 

Pseudodoliolina,  Schwagerina 
Compresoproductus,  Leptodus 
Uncinunellina,  Waagenoconcha 
Yakovlevia  mammatiformis 

Hugete  Formation 

Dashizhai  Formation 

Monodiexodina,  Liosotella, 
Waagenoconcha,  Yakovlevia, 
Anidanthus,  Paramarginifera, 
Parafusulina,  Richthofenia 

Ttmorphyllum,  Paracaninia, 
Paeckelmanella,  Waagenoconcha, 
Anidanthus,  Compressoproductus, 
Transennatia,  Spinomarginifera 

Qingfengshan  Formation 

Sanmianjing  Formation 

Paeckelmanella,  Waagenoconcha, 
Avicolopencten 

Misellitui,  Nankinella, 

Parafusulina,  Yatsengia, 
Szechuanophyllum,  Orthotichia 
Neoplicalifera,  Monodiexodina 
Cyathocarinia,  Metriophyllum, 
Ttmorphyllum,  Endamplexus 

Table  3.  Correlation  of  Lower  Permian  faunas  in  Central  Inner  Mongolia. 


We  believe  that  the  minor  difference  in  the 
biological  associations  of  both  sides  is  caused  by 
submarine  rifts  and  rises.  Existence  of  the  Permian 
continental  rift  belts  can  be  demonstrated  with  the 
bimodal  volcanic  and  alkaline  granites  (Shao  1991; 
Hong  et  al.  1991;  Tang  et  al.  1992). 

The  Inner  Mongolian  epicontinental  sea  and  the 
Yanbian-Sikhote  area  may  not  be  connected  during 
the  Permian  because  the  mixed  fossils  in  Inner 
Mongolia  differ  from  those  in  the  Yanji  area  and 
south  Primorye.  Besides  the  basal  conglomerate  of 
Dashizhai  Formation  (Pi<j)  containing  large  amount 
of  granite-gravel  is  found  in  the  Suolun  area  west 
of  the  Nenjiang  fault.  This  fact  indicates  that  the 
present  Song-Liao  basin  was  a  S-N  stretching  rise 
during  the  Permian.  In  addition,  Permian  palaeo- 
magnetic  data  show  that  Sikhote-Alin  and  Inner 
Mongolia  were  separated. 


CONCLUSIONS 

1.  The  Yanji-South  Primorey  terrane  and  the 
Nadanhata  terrane  are  transported  from  the  low 
latitude  Tethys  Ocean. 

2.  In  the  Early  Permian,  Inner  Mongolia  was  only 
an  epicontinental  sea  with  some  Tethys-type 
fauna,  and  it  has  nothing  to  do  with  the  Tethys 
Ocean. 


3.  We  should  distinguish  an  epicontinental  sea 
with  Tethyan  biota  elements  from  the  real  Tethys 
Ocean.  Thus,  we  should  be  careful  in  using 
the  term  of  Tethys  to  a  particular  situation  like 
North-east  Asia. 
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In  today's  oceans,  surface  water  masses  exert  a  controlling  effect  on  biogeographic  provinces, 
climate-sensitive  sediments  and  organic  productivity,  so  it  is  important  to  understand  the  factors 
that  generate  and  differentiate  these  water  masses.  A  generalised  temperature  and  salinity  map 
of  the  Recent,  with  related  effects  like  upwelling,  sea  ice,  and  surface  runoff,  has  been  compiled 
in  a  new  attempt  to  define  marine  climates.  Present-day  climate-sensitive  sediments  are  included 
to  test  their  reliability  as  water  mass  indicators  in  the  geological  past.  Then,  reversing  the 
approach,  water  mass  maps  for  the  nine  Permian  stages  have  been  reconstructed  from  the 
sediment  types  as  well  as  from  biogeographic  considerations.  It  is  clear  from  the  Present-day 
water  mass  map  that  geographically  or  bathymetrically  restricted  seaways  arc  more  likely  to 
reflect  local  climate  and  be  distinct  from  open  ocean  water  masses  in  salinity  or  temperature. 
Our  Permian  maps  have  been  prepared  with  this  duality  in  mind:  epeiric  seaways  are  portrayed 
with  the  most  differentiated  water  masses,  while  narrow  continental  shelves  are  generally  similar 
to  adjacent  oceanic  areas. 


PRESENT-DAY  WATER  MASSES 

The  term,  water  mass,  is  herein  used  as  the  marine 
equivalent  for  the  terrestrial  climate  zone,  or  biomc, 
and  this  seems  appropriate  because  temperature  and 
salinity  effects  in  the  oceans  generally  seem  to 
have  sharp  boundaries,  in  contrast  to  the  land 
surface  climate  zones  which  possess  more  gradual 
transitions.  Water  masses  have  been  defined  in  a 
variety  of  ways,  but  many  published  maps  derive 
from  the  classic  work,  ‘The  Oceans’  (Sverdrup 
et  al.  1942),  which  shows  a  limited  number  of 
primarily  ocean  basin  water  masses  characterised 
by  specific  ‘temperature-salinity  characteristics’  and 
defined  along  their  margins  by  major  convergences 
or  divergences  resulting  from  density  differences. 
By  analogy  with  the  atmosphere,  these  boundaries 
may  be  referred  to  as  ‘fronts’  and  come  in  a  variety 
of  scales,  including  estuarine  fronts,  shelf-break 
fronts,  and  upwelling  fronts  (Mann  &  Lazier  1991). 
The  more  local  scales  arc  applicable  to  the  geo¬ 
logical  past  because  they  affect  settings  typically 
preserved  in  the  stratigraphic  record. 

In  ‘Marine  Zoogeography’,  Briggs  (1974)  used 
the  major  oceanic  convergences  to  delimit 
latitude-related  ‘Surface  Temperature  Regimes’  and 
observed  that  the  north-south  trending  continents 
provide  longitudinal  barriers  for  the  various 


biogeographic  ‘regions’.  He  went  on  to  opine  that, 
within  regions,  ‘minor  barriers  to  gene  flow  exist 
that,  over  periods  of  time,  have  resulted  in 
the  formation  of  local  endemic  species’,  and  he 
identified  these  as  provincial  level  boundaries. 
Briggs  based  his  zoogeography  on  fishes,  but 
concluded  that  the  observed  endemic  patterns  were 
common  to  other  major  groups.  Most  palaeont¬ 
ologists  probably  reflect  these  views,  but  we  point 
out  that  sharp  salinity  changes  and  surface 
productivity  levels  also  must  play  a  major  role  in 
biogeographic  differentiation,  and  indeed  may  have 
been  the  only  factors  when  meridional  land  barriers 
were  less  effective.  A  better  model  for  the  faunas 
of  the  geologic  past  may  be  the  ‘Large  Marine 
Ecosystem  unit’:  ‘LMEs  are  relatively  large  regions, 
on  the  order  of  200  000  km2  or  larger,  characterised 
by  distinct  bathymetry,  hydrography,  productivity 
and  trophically  dependent  populations’  (Sherman 
1993).  About  50  of  these  units  have  been  defined 
for  the  shelf  seas,  and  include  ecosystems  on  the 
scale  of  the  Great  Barrier  Reef  and  Indonesian 
Seas. 

The  water  mass  approach  is  also  relevant 
economically  because  certain  types  of  deposits 
form  under  very  specific  marine  conditions;  these 
include  evaporites,  phosphorites  and  oil  source 
rocks.  The  evaporites,  including  halite  and  gypsum, 
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are  deposited  in  areas  where  evaporation  exceeds 
precipitation,  and  where  a  level  of  isolation  from 
the  ocean  is  established.  Today,  such  areas  are 
mainly  limited  to  lagoons,  but  in  the  Permian, 
evaporite  basins  achieved  scales  of  millions  of 
square  kilometres  (Ziegler  et  al.  1997).  At  the 
opposite  end  of  the  spectrum,  basins  with  a  positive 
precipitation  balance  may  be  sites  for  organic  rich 
muds  and  ‘estuarine  circulation’  (Demaison  & 
Moore  1980;  Hay  1995).  Here,  nutrient-rich  waters 
converge  from  surface  runoff  and  also  inflow  from 
the  sea  creating  a  ‘nutrient  trap’  and  enhancing 
surface  productivity,  while  low-density  brackish 
surface  waters  contribute  to  stratification  of  the 
water  column,  in  turn  limiting  oxygenation  of  the 
bottom  waters.  Upwelling  water  masses  also 
contribute  to  high  surface  productivity  through 
nutrient  recycling  and  have  been  implicated  in  oil 
source  rock  formation  and  phosphorite  deposition 
(Parrish  1982,  1995). 

We  have  developed  an  eight-fold  classification 
of  Present-day  water  masses  of  the  oceans  using 
particular  salinity,  temperature  and  productivity 
related  effects  (Table  1).  Our  water  mass  base  map 
is  shown  together  with  sediments  reflecting  these 
three  parameters;  Fig.  1  shows  peats  and  evaporites 
for  comparison  with  the  contours  reflecting  salinity. 
Fig.  2  has  reefs  versus  the  potential  for  ice-rafted 
debris  representing  extremes  on  the  temperature 
scale,  and  Fig.  3  illustrates  the  distribution  of 
phosphorites  and  oil  source  rocks  for  correlation 
with  the  potential  sites  of  organic  productivity, 
whether  associated  with  upwelling  or  estuarine  type 
water  masses.  The  water  mass  boundaries  are  based 
on  a  conglomeration  of  parameters  determined  from 
ocean-scale  atlases  showing  monthly  or  at  least 
seasonal  maps.  The  contours  were  chosen  rather 
arbitrarily  because  it  is  difficult  to  select  particular 
isotherms  or  isohalines  that  universally  mark  the 
rapid  changes  that  would  reflect  transitions  in  water 
mass  types.  Maps  representing  opposite  seasons 


were  first  prepared  and  examined  for  the  seasonal 
changes  in  the  position  of  the  various  water  masses. 
Then,  the  extreme,  generally  winter,  conditions 
were  used  in  the  composite  base  map  for  Figs  1-3 
because  cold  temperatures  are  generally  limiting 
for  marine  organisms.  It  must  be  emphasised  that 
the  boundaries  of  the  water  masses,  however 
defined,  change  constantly  so  their  mapped 
positions  serve  only  as  a  guide  to  the  general 
patterns.  The  following  sections  provide  additional 
details  on  each  of  the  eight  water  masses. 

I.  Wet  Tropical.  Water  masses  of  the  wet  tropical 
zone  are  defined  as  having  relatively  brackish  con¬ 
ditions  with  salinities  below  32%o  (average  surface 
salinity  of  the  ocean  is  about  34.5%o).  Such  areas 
typically  have  high  runoff  from  nearby  land  with 
accompanying  high  turbidity.  The  plumes  from 
major  deltas,  like  the  Amazon  and  Niger,  fall  in 
this  category  as  do  the  shallow  equatorial  seaways 
typified  by  the  Indonesian  region  where  the  rainfall 
associated  with  the  Interlropical  Convergence  Zone 
(ITCZ)  is  concentrated.  The  Bay  of  Bengal  brackish 
conditions  extend  over  the  deep  ocean  due  to  the 
high  river  runoff  and  low  mixing  in  a  regime  of 
light  wind  activity  (Tomczak  &  Godfrey  1994). 
There  is  a  rather  vague  correlation  of  peat  with 
low  salinity  only  for  restricted  seas  like  Indonesia 
(Fig.  1).  By  contrast,  peat  along  the  eastern  coast 
of  Brazil  is  associated  with  normal  to  high  salinity 
showing  that,  along  narrow  shelves,  coastal  pre¬ 
cipitation  has  little  influence  on  the  salinity  of  the 
marine  environment.  Organic  rich  shales  (Fig.  3) 
seem  not  to  be  associated  with  the  wet  tropical 
water  masses  at  the  present  time,  but  they  almost 
certainly  were  in  the  geological  past  (e.g.  the 
Permian  of  South  China  and  the  Jurassic  of  the 
Arabian  Peninsula).  We  can  surmise  this  because 
of  the  dual  correlations  of  these  source  rocks  with 
low  palaeolatitudes,  and  of  the  general  coincidence 
of  the  ITCZ  with  the  Equator  today.  Our  view  is 
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Table  1.  Water  mass  classification. 
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that  these  geographic  settings,  if  associated  with 
restricted  basins,  would  be  productive  because  high 
rainfall  would  result  in  estuarine  water  masses. 

2.  Tropical.  Tropical  water  masses  are  herein 
limited  by  the  20°C  winter  isotherm  (Briggs  1974). 
Additional  requirements  are  that  salinity  is  normal 
and  the  water  is  clear  due  to  a  lack  of  sediment 
or  plankton  in  the  water  column.  In  low  latitudes, 
light  penetration  to  the  bottom  can  occur  because 
the  zenith  angle  of  the  sun  is  sufficient  for 
refraction  to  the  sea  floor  throughout  the  annual 
cycle  (Ziegler  et  al.  1984).  This  warms  the  water 
and  allows  for  bottom  productivity  and  carbonate 
build-ups  in  areas  of  good  circulation,  due  mainly 
to  the  profusion  of  calcareous  secreting  algae  and 
hermalypic  corals.  Our  reef  distribution  (Fig.  2) 
is  mainly  confined  to  the  Tropical  and  the  Dry 
Tropical  water  masses  as  defined.  In  our  experience, 
this  is  true  of  the  geological  past,  such  that 
carbonate  build-ups  rarely  plot  above  35°  palaeo- 
latitude  for  areas  whose  positions  are  well- 
constrained  by  palaeomagnetic  data  (Hulvcr  ct  al. 
1997).  Non-tropical  carbonates  can  be  developed 
poleward  of  reef  trends  where  terrigenous  sedi¬ 
ment  dilution  is  insignificant  (Nelson  1988),  but 
Bahamian-type  carbonates  with  reefs,  algal  mats 
and  oolite  shoals  arc  the  characterising  features  of 
the  Tropical  water  masses. 

3.  Dry  Subtropical.  Areas  with  salinities  above 
37%o  (yellow  shading  on  Figs  1-3)  are  under  the 
influence  of  a  strong  negative  precipitation  minus 
evaporation  balance  and  do  possess  evaporitc 
deposits  in  coastal  lagoons.  Admittedly,  such 
indicators  also  occur  along  upwelling  coasts,  and 
are  not  uncommon  along  coasts  characterised  as 
having  Mediterranean  or  Savannah  climates,  so 
a  generally  negative  precipitation  situation  is 
adequate  for  evaporites.  A  subdivision  of  the  Dry 
Subtropical  water  mass  with  above  42%o  salinity 
(red  shading  on  Figs  1-3)  is  shown,  but  is  only 
seen  in  the  Kara  Bogaz  Gulf  on  the  cast  side  of 
the  Caspian  Sea.  This  subdivision  is  proposed 
mainly  for  the  geological  past  when  broad 
evaporative  seas  existed  in  the  subtropical  zone. 
Areas  like  the  Red  Sea  are  not  suitable  for  oil 
source  rock  formation  because  the  saline  waters 
generated  in  shallow  waters  form  density  currents 
which  convey  oxygen  to  the  depths  of  the  basin. 

4.  Cool  Subtropical.  This  category  is  reserved  for 
upwelling  zones  which  are  mainly  limited  to  the 
subtropical  belt  where  the  consistency  of  wind 
direction  and  strength  is  available  to  drive  Ekman 
transport.  Our  maps  show  upwelling  for  opposite 


seasons  and  were  compiled  from  a  variety  of 
information  ranging  from  temperature  anomalies 
to  organic  productivity  (Binet  &  Marchal  1993; 
Gordon  1967;  Ittekot  ct  al.  1992;  Parrish  et  al. 
1983;  Sharma  1978;  van  Andel  1964;  Zijlstra  & 
Baars  1990).  Many  organic  rich  muds  and  phos¬ 
phorites  are  associated  with  these  upwelling  zones 
(Fig.  3),  especially  along  the  eastern  boundary 
currents  of  the  Atlantic  and  Pacific  oceans.  The 
Arabian  Sea  is  an  interesting  case  because  organic 
rich  muds  and  upwelling  are  common  there,  but 
do  not  generally  overlap  in  map  distribution. 
Here,  the  upwelling  does  generate  high  organic 
productivity,  the  decay  of  which  consumes  the 
oxygen  in  this  region.  This  allows  for  preservation 
of  organic  matter  on  the  sea  floor,  which  is  isolated 
from  the  deep  oxygenated  waters  of  polar  origin 
by  sills  related  to  sea  floor  spreading. 

5.  Temperate.  This  category  ranges  from  the  20°C 
to  the  0°C  isotherms  and  is  simply  reserved  for 
the  broad  temperate  seas  with  average  salinity. 
There  seems  to  be  no  particularly  distinctive  climate 
indicator  of  this  zone,  although  peats  arc  quite 
common  due  to  the  low  evaporation  rates  in  mid 
to  high  latitudes. 

6.  Wet  Temperate.  As  in  the  case  of  the  Wet 
Tropical,  this  category  is  defined  by  brackish 
conditions,  with  salinities  below  32%o  and,  in 
extreme  conditions  like  the  Baltic  and  Black  seas, 
by  salinities  below  21%c  (dark  brown  color  on 
the  maps).  These  conditions  are  especially  well 
developed  in  geographically  or  bathymetrically 
restricted  basins  associated  with  high  rainfall  zones. 
Peats  are  characteristically  developed  around  the 
margins  and  organic  rich  muds  are  common  in  the 
centre,  again  due  to  the  estuarine  circulation 
induced  by  the  fresh  water  cap  effect. 

7.  Cold  Temperate.  These  water  masses  are 
defined  by  the  extent  of  sea  ice  in  the  winter 
season  and  this  corresponds  closely  with  the  0°C 
isotherm  (Zwally  el  al.  1983;  Parkinson  et  al.  1987). 
A  high  degree  of  asymmetry  is  observed  in  the 
Northern  Hemisphere  with  respect  to  both  Atlantic 
and  Pacific  oceans.  This  is  because  the  high 
pressure  cells  over  North  America  and  Eurasia 
drive  poleward  currents  (like  the  Norwegian 
Current)  on  the  west  sides  of  the  continents  and 
the  Equator-ward  currents  (Labrador  Current)  on 
the  east  sides  of  the  continents.  Cold  Temperate 
ice-dominated  seas  reach  low  latitudes  (45°)  on  the 
east  sides  of  the  continents  while  the  ice  flows 
are  confined  above  80°  by  the  Norwegian  current, 
even  in  winter.  The  seasonal  variability  in  air  and 
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sea  surface  temperature  is  at  a  maximum  along 
the  east  sides  of  continents  due  to  outflow  of  cold 
continental  air,  causing  a  stressful  existence  for 
organisms  living  there.  In  the  Southern  Hemisphere 
the  sea  ice  extends  about  1000  km  from  Antarctica 
in  the  winter,  but  virtually  disappears  in  the 
summer,  making  this  an  extremely  variable  environ¬ 
ment  (Zwally  ct  al.  1983).  Diamictites  would  be 
indicative  of  this  environment  in  the  fossil  record. 

8.  Glacial.  Permanent  ice  floes,  like  most  of 
the  Arctic  Ocean,  or  the  Ronne  and  Weddell  Ice 
Shelves,  constitute  this  environment.  Tills  could 
be  expected  along  mountainous  coasts  of  these 
regions.  The  Glacial  and  Cold  Temperate  Water 
Masses  today  are  generated  by  outflow  of  cold  air 
mainly  from  ice  sheets,  so  the  question  arises  as 
to  their  existence  during  periods  of  the  geological 
past  when  continental  scale  ice  domes  were 
lacking.  The  situation  in  the  Northern  Hemisphere 
is  complicated  by  the  confined  nature  of  the  Arctic 
Ocean;  winds  cannot  effectively  disperse  the  ice 
on  an  annual  basis  as  happens  in  the  Southern 
Hemisphere.  From  the  meteorological  point  of 
view,  the  northern  continents  together  with  the 
Arctic  Ocean  constitute  a  polar  supercontinent,  pro¬ 
ducing  frigid  climates  atypical  of  the  geological 
past  (Ziegler  1998). 


PERMIAN  WATER  MASS 
RECONSTRUCTIONS 

Water  Mass  maps  have  been  prepared  for  the  nine 
stages  of  the  Permian  (Figs  4-12)  and  are  based 
on  the  palaeogeographic  maps  of  Ziegler  et  al. 
(1997).  They  have  been  reconstructed  from  the 
climate-sensitive  sediment  types  already  discussed 
as  well  as  from  facies  maps  in  the  literature.  The 
sediment  database  has  1200  fully  documented 
entries  which  provide  information  on  location, 
age,  environment  and  literature  reference  for  each 
point.  This  database  differs  from  our  previous 
efforts  in  that  it  covers  all  the  stages  of  the 
geological  period  under  consideration,  but  it  is 
limited  to  specific  rock  types.  The  age  control  is 
provided  in  terms  of  local  as  well  as  international 
stages  (Jin  et  al.  1997)  to  allow  for  future  changes 
in  our  understanding  of  the  correlation  of  these 
units.  The  climate-sensitive  database  (including  the 
Recent)  is  available  on  request  from  the  senior 
author. 

There  are  a  number  of  caveats  in  reading  the 
Permian  maps  presented  here.  The  continental 
positions  arc  being  refined  based  on  a  thorough 


reassessment  of  the  ages  of  the  formations  from 
which  the  palaeomagnetic  determinations  were 
obtained.  Secondly,  the  shoreline  positions  were 
taken  from  Ziegler  et  al.  (1997);  these  represent 
average  positions  for  each  of  four  intervals  and 
because  of  this,  some  marine  data  points  may 
appear  in  the  wrong  environment.  Thirdly,  the 
correlation  of  Permian  sections  around  the  world 
is  in  a  state  of  flux.  Finally,  the  Permian  stages 
average  about  five  million  years  long,  and  sig¬ 
nificant  changes  in  climate  can  occur  within  a 
stage,  due  for  instance  to  Milankovitch  effects, 
allowing  for  the  superimposition  of  data  repre¬ 
senting  different  climate  settings. 

Special  attention  should  be  given  to  the  broad 
epeiric  seaways  because  this  is  where  the  climate- 
sensitive  sediments  tend  to  be  concentrated.  The 
epeiric  seas  would  have  been  isolated  enough 
from  the  open  oceans  to  develop  distinctive  water 
masses.  Also  of  general  interest  is  the  fact  that 
Pangaea  drifted  north  about  15°  in  the  Permian, 
so  climate  changes  noticed  in  many  of  the  basins 
arc  due  to  this  change  in  palaeolatitude  (Ziegler 
et  al.  1997).  In  the  following  discussion,  the 
Permian  water  mass  development  is  described  on 
a  region-by-region  basis,  proceeding  from  south  to 
north.  The  details  provided  herein  are  brief  and 
just  a  few  key  references  are  provided  because 
the  palaeogeographic  details  have  been  published 
(Ziegler  et  al.  1997)  and  a  comprehensive  atlas 
on  the  Permian  is  in  preparation. 

Sydney  and  Bowen  Basins.  These  eastern 
Australian  basins  remained  at  about  60°  south 
throughout  the  Permian  where  Glacial  climates 
were  widespread  in  the  earliest  Permian  stage  as 
in  many  other  Gondwanan  areas.  Following  this, 
Cold  Temperate  conditions,  as  evidenced  by  drop- 
stones  and  restricted  benthic  faunas  and  coastal 
floras,  persisted  through  the  Early  Permian  and  just 
into  the  Middle  Permian  (Dickins  1996;  Shi  & 
Archbold  1996;  Retallack  1980).  Glacial  activity  is 
not  implicated,  at  least  at  coastal  plain  elevations, 
and  seasonal  ice  is  thought  to  have  rafted  the  debris 
into  the  basins.  The  persistence  of  cold  conditions 
along  the  eastern  continental  margin  is  similar  to 
the  Present  situation  (Fig.  2)  as  it  is  here  that  flow, 
like  the  Labrador  Current,  transports  sea  ice  to 
lower  latitudes,  and  that  the  outflow  of  continental 
air  is  greatest  in  the  winter. 

Parana  and  Karoo  Basins.  These  basins  of  south¬ 
ern  South  America,  southern  Africa  and  Antarctica 
were  interconnected  as  indicated  by  similarities  in 
the  microstratigraphy  and  faunas  (Oelofsen  & 
Araujo  1983;  Collinson  et  al.  1992).  Early  Permian 
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marine  faunas  became  endemic,  then  disappeared 
suggesting  that  the  seaway  became  progressively 
isolated  from  the  ocean  during  the  Permian  (Newell 
&  Runncgar  1970).  The  exact  connections  with  the 
ocean  are  unknown  but  it  seems  likely  that  they 
were  severed  by  the  convergent  tectonics  along 
the  southern  margin  of  Gondwana  (Cape  Orogeny, 
etc.).  Diamictites  are  present  during  the  first  three 
Permian  stages,  but  alternate  with  interglacial  inter¬ 
vals,  including  an  interval  of  phosphorites  directly 
on  top  of  tillites  in  the  Sakmarian  (Fig.  5;  Buhmann 
et  al.  1989)  of  South  Africa.  These  may  represent 
‘ice-margin  upwelling’  conditions  (Hay  1995).  The 
Irati  and  Whitehill  oil  shales  follow  (Fig.  7;  Cole 
&  McLaughlin  1991;  Zalan  et  al.  1991)  although 
the  correlation  with  the  late  Lower  Permian  is 
uncertain  and  subject  to  change.  We  reconstruct 
brackish  conditions  in  this  seaway  during  most  of 
the  Permian  in  view  of  the  coals  and  low  diversity 
faunas,  although  by  the  late  Permian,  the  Parana 
region  was  clearly  drifting  into  the  subtropics  and 
has  indications  of  arid  conditions.  Of  course, 
brackish  conditions  can  exist  in  dry  regions  (c.g. 
the  Present-day  Caspian  Sea)  if  the  supply  of  fresh 
water  from  adjacent  regions  is  sufficient,  and  this 
particular  basin  extends  over  40°  of  latitude. 

Western  Australia  and  northern  India.  Scattered 
occurrences  of  phosphorites  (Herring  1995;  Gar- 
zanti  1993;  Vcevers  &  Tewari  1995)  and  oil  source 
rocks  of  the  Carnarvon  and  Canning  Basins  (Warris 
1993)  along  this  northern  coast  of  Gondwana  may 
have  had  an  upwelling  origin.  Climate  modelling 
confirms  suitable  conditions  for  offshore  Ekrnan 
transport  (that  is,  coast-parallel  westerly  winds) 
during  the  winter  season  (Kutzbach  &  Ziegler 
1993).  The  fact  that  coals  are  lacking  from  the 
coastal  sequences  adjacent  to  these  deposits  implies 
dry  climates  for  these  mid-latitude  regions,  a  likely 
corollary  of  upwelling  conditions.  We  note  that  the 
Gondwanan  coals  arc  abundant  elsewhere  in  India 
and  Australia. 

Amazon,  Maranhao  and  Gabon  Basins.  We  re¬ 
construct  these  three  basins  as  one  continuous  basin 
across  Brazil  to  coastal  Africa.  This  subtropical 
region  shows  extensive  evaporites  and  eolianites  in 
the  early  Permian  intervals  (Szatmari  et  al.  1979). 
In  Gabon,  earliest  Permian  tillites  are  followed  by 
phosphorites,  organic  rich  shales  and  finally 
evaporites  (Micholet  et  al.  1970).  Because  of  the 
quasi-marine  nature  of  these  deposits,  a  connection 
through  the  Amazon  Basin  is  proposed  as  the 
most  parsimonious  connection  to  the  ocean,  bearing 
in  mind  that  mid-Palaeozoic  marine  deposits  are 
known  from  the  intermediate  areas  in  eastern 


Brazil.  Early  Permian  source  rocks  are  manifest 
in  the  areas  of  western  South  America,  near  the 
western  end  of  the  Amazon  basin  (Femandez- 
Scveso  &  Tankard  1995;  Mathalone  &  Montoya 
1995),  and  we  relate  these  to  the  cool  subtropical 
upwelling  system. 

Arabian  Basin.  Tillites  and  dropstones  extend 
through  the  first  three  intervals  of  the  Permian  and 
represent  the  lowest  latitude  of  such  deposits  in 
the  Permian,  about  35°  from  the  Equator  (Ziegler 
et  al.  1997).  This  region  makes  the  transition  from 
glacial  and  temperate  conditions  to  the  subtropical 
dry  zone  during  the  Permian.  Thus,  carbonate  build¬ 
ups  appear  here  about  the  time  they  disappear  from 
the  Northern  Hemisphere  (LeNindre  et  al.  1990). 

South  China  Platform.  This  broad  cpeiric  region 
moved  across  the  Equator  during  the  Permian.  Coal 
is  especially  well  developed  during  several  stages 
and  represents  the  passage  beneath  the  Interlropical 
Convergence  Zone  (Nie  1991).  The  Cathaysian 
Floras  have  been  related  to  the  tropical  rainforest 
biome  (Ziegler  1990)  and  are  equivalent  in  age  to 
oil  source  rocks  occurring  in  offshore  basins.  We 
relate  these  to  brackish  water-induced  stratification 
of  the  water  column  (Wang  &  Ziegler,  in  prep.). 
Evaporites  are  not  present  but  dolomites  do  occur 
in  the  southwest  in  the  early  Permian,  and  in  the 
northeast  in  the  latest  Permian.  These  represent 
drier  conditions  and  elevated  salinities  beneath 
the  southern  and  northern  subtropics,  respectively, 
as  the  continent  moved  northward  across  the 
equatorial  zone. 

Western  North  America.  This  broad  region  extends 
from  the  Marathon  thrust  belt  extension  of  the 
Appalachians  on  the  southern  margin  of  the 
Permian  Basin  of  west  Texas  (Hanson  1991),  across 
the  Ancestral  Rockies  to  the  marginal  basins  of 
the  Pacific  Northwest.  Early  in  the  Permian  the 
oil  source  rocks  of  west  Texas  seem  to  have  formed 
in  a  ‘Pontic  Sea’  (equivalent  to  the  Present-day 
Black  Sea;  Hills  1972),  while  the  floras  indicate 
tropical  wet  conditions  to  the  south  and  east 
(Ziegler  1991).  We  envisage  a  rapid  transition  from 
brackish  conditions  on  the  south  to  normal  salinities 
in  the  region  of  the  carbonate  build-ups  of  the 
Texas-New  Mexico  border  region  and  finally  to 
the  high  salinities  of  the  Denver  and  Williston 
Basins  (Mazullo  1995).  As  the  continent  moved 
northward  into  the  subtropics,  progressively  drier 
conditions  enveloped  the  entire  region  as  signalled 
by  extensive  evaporites  and  aeolian  sand  seas 
(Parrish  &  Peterson  1988).  Along  the  Pacific  rim, 
the  Phosphoria  Formation,  with  its  oil  source  rocks, 
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was  deposited  in  upwelling  conditions,  as  has  been 
understood  for  many  years  (Claypool  et  al.  1984; 
Maughan  1994). 

Zechstein  Basin.  Europe  moved  northward  off  the 
Equator  in  the  Permian,  so  the  tropical  rainforests 
of  the  Carboniferous  were  left  behind,  with  just 
a  few  coals  remaining  in  the  early  Permian 
(Glennie  1 984).  The  classic  marine  evaporite  basin, 
the  Zechstein  Sea,  developed  in  the  late  Permian 
of  northern  Europe  (Figs  11,  12)  as  a  successor 
to  the  non-marine  Rotlicgend  evaporite  basin 
(Fig.  10).  Deep  conditions  existed,  especially  after 
the  Zechstein  was  initially  filled  in  a  catastrophic 
flood  (Kiersnowski  et  al.  1995)  and  oil  source 
rocks  developed  during  restricted  intervals  (Taylor 
1984). 

Russian  Platform,  and  the  Barents  and  Sverdrup 
Basins.  The  eastern  margin  of  the  Russian  Plat¬ 
form  was  progressively  thrust-loaded  during  the 
Permian.  A  deep  foreland  basin  was  present 
along  this  margin  in  the  early  Permian  with  a 
continuous  line  of  reefs  along  its  western  side 
(Chuvashov  1983).  Phosphorites  occur  in  this 
basin  (Ilyin  1989)  which  was  of  unknown  width, 
so  their  apparent  proximity  to  the  reefs  on  our 
maps  is  probably  spurious.  The  reef  trend  continues 
to  the  south  around  the  perimeter  of  the  North 
Caspian  Depression  (Aksenov  1993;  Volchegurskiy 
et  al.  1995)  and  to  the  north  into  the  Pechora, 
Barents  and  Sverdrup  Basins  (Belyakov  1995; 
Bruce  &  Toomcy  1993;  Beauchamp  1993).  This 
barrier  reef  trend  apparently  restricted  oceanic 
exchange  with  the  Russian  Platform  Seas,  and 
evaporitic  conditions  were  extensive,  particularly 
in  the  Kungurian  Stage  (Fig.  7).  Oil  source  rocks 
were  deposited  in  the  North  Caspian  Depression 
in  the  early  Permian  (Medvedeva  et  al.  1994), 
probably  as  a  result  of  the  silled  nature  of  the 
basin;  an  additional  factor  could  have  been  the 
development  of  a  fresh  water  cap  derived  from 
runoff  from  the  mountains  to  the  south.  The  Uralian 
foreland  basin  was  infilled  with  elastics  during  the 
late  Permian,  and  these  range  from  dry  climate  red 
beds  in  the  central  Urals  to  coals  of  the  Wet 
Temperate  zone  in  the  northern  Urals. 

Omolon  and  the  Verkhoyansk  Coast.  The  Siberian 
part  of  Pangaea  drifted  from  about  75°  north  to 
the  pole  during  the  Permian.  A  marine  diamictite, 
the  Atkan  Formation,  is  widespread  in  this  region 
and  was  originally  interpreted  as  a  deposit  of 
beach-derived  pebbles  transported  into  relatively 
deep  marine  environments  through  the  action  of 
seasonal  shore  ice  (Epshteyn  1981).  More  recently, 


‘pebbles  and  boulders  with  occasional  traces  of 
long-term  glacier  abrasion’  have  been  discovered 
in  this  formation  so  glaciers  must  have  developed 
and  flowed  into  the  sea  at  least  locally  (Chumakov 
1994).  The  age  is  thought  to  be  early  Tatarian 
(Fig.  10)  because  the  deposit  seems  to  just  predate 
the  earliest  ‘normal’  intervals  of  the  magneto- 
stratigraphic  scale  (Kashik  1990).  The  brachiopods 
of  this  horizon  suggest  an  even  earlier  Kazanian 
age  (T.  A.  Grunt,  pers.  comm.).  In  any  case,  a 
Middle  Permian  age  is  indicated  and  this  means 
that  this  event  is  unlikely  to  have  influenced  the 
end-Permian  extinction  (cf.  Knoll  et  al.  1996). 
Permian  continental  and  marine  strata  of  the 
Verkhoyansk  margin  of  Siberia  contain  large 
amounts  of  humic  matter  and  constitute  a  major 
source  of  both  oil  and  gas  (Sokolov  et  al.  1988). 
Land  plant  productivity  is  implicated  and  the  timing 
of  its  deposition  within  the  Permian  is  unclear. 


CONCLUSIONS 

We  have  compiled  a  Present-day  water  mass  map 
based  on  a  polyglot  of  oceanographic  parameters 
and  have  correlated  the  result  with  sediment  types 
potentially  indicative  of  temperature,  salinity  and 
organic  productivity.  Thus,  the  water  masses  are 
based  on  rigorously  defined  contours  of  temperature 
and  salinity  which,  admittedly,  are  only  casually 
related  to  convergences  and  divergences  in  the 
surface  currents  of  the  oceans.  The  application  of 
this  approach  to  the  geological  past  depends  on 
the  degree  to  which  the  climate-sensitive  indicators 
match  the  water  masses  as  defined.  We  have  seen 
that  these  sediment  types  are  rarely  confined  to 
one  water  mass  category,  and  that  they  seem  to 
be  more  concentrated  in  seaways  with  some 
geographic  or  bathymetric  limitation  from  open 
ocean  conditions.  Since  the  continental  shelves 
today  average  just  100  km  in  width,  wider  re¬ 
entrants  like  the  Baltic  Sea  and  the  Persian  Gulf 
become  the  models  for  the  cpciric  seas  of  the  past. 

In  practice,  we  have  found  it  relatively  straight¬ 
forward  to  reconstruct  the  water  masses  of  the 
Permian,  using  the  sediment  indicators,  and  feel 
that  an  important  test  of  the  maps  would  be  the 
extent  to  which  they  correlate  with  the  bio¬ 
geographic  patterns  of  various  fossil  groups.  World¬ 
wide  compilations  based  on  a  number  of  fossil 
groups  have  been  published  (see  papers  in  Scholle 
et  al.  1995,  for  good  examples,  and  Grunt  &  Shi 
1997),  although  an  integration  across  all  marine 
groups  has  never  been  attempted.  Latitude  (temper¬ 
ature)  is  often  implied  as  a  controlling  factor  in 
the  Permian  and  the  existence  of  a  north-south 
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Fig.  1.  Present-day  indicators  of  precipitation  balance  superimposed  on  water  mass  patterns.  Lowland  peat  deposits  and  marginal  marine  evaporites  are  plotted 
and  may  be  compared  with  the  low-  and  high-salinity  areas,  respectively.  The  water  masses  defined  on  relative  salinity  are  the  Wet  Temperate  and  Wet 
Tropical  zones  (tan  color  =  27-32%e>;  brown  =  <27%o)  and  the  Dry  Subtropical  zone  (yellow  color  =  37-42%o;  red  =  >42%c). 
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2.  Present-day  indicators  of  climate  extremes  superimposed  on  water  mass  patterns.  Reefs  and  tills  are  plotted  and  may  be  compared  with  the  equatorial 
polar  water  masses,  respectively.  The  water  masses  defined  on  temperature  are  the  Tropical  and  Dry  Subtropical  zones  (>20°C)  and  the  Cold  Temperate 
Glacial  zones  (<0°C).  Winter  conditions  are  shown  in  both  hemispheres,  as  these  are  likely  to  be  limiting  for  marine  organisms. 
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Fig.  3.  Present-day  indicators  of  high  biological  productivity  superimposed  on  water  mass  patterns.  Phosphorites  and  organic  rich  muds  are  plotted  and  may 
be  compared  with  the  Cool  Subtropical  and  the  Wet  Temperate  water  masses.  The  upwelling  regions  define  the  Cool  Subtropical  zone  and  are  shown  for 
opposite  seasons  (DJF  and  JJA). 
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land  barrier  evokes  the  Present-day  style  of 
pervasive  geographic  barrier  to  marine  interchange. 
We  feel  that  the  application  of  the  water  mass 


concept  to  biogeography  and  palaeobiogeograpliy 
would  help  to  stress  the  importance  of  saljnjtv 
and  productivity,  in  addition  to  temperature  an[j 
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Fig.  4.  Permian  Stage  I  (Asselian,  Early  Wolfcampian,  Early  Chuanshanian)  climate-sensitive  sediments  and 
reconstructed  water  masses.  The  palaeogeography  is  from  the  Sakinarian  map  of  Ziegler  et  al.  (1997). 
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geography.  With  this  approach  we  can  provide  the 
geographic  and  climatic  framework  for  examining 
evolutionary  relationships  of  marine  faunas,  and 


to  assess  palaeontological  arguments  for  distance 
between,  or  proximity  of,  terranes  based  on  faunal 
differences  or  similarities. 
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Fig.  5.  Permian  Stage  2  (Sakmarian,  Late  Wolfcampian,  Middle  Chuanshanian)  climate-sensitive  sediments  and 
reconstructed  water  masses.  The  palaeogeography  is  from  the  Sakmarian  map  of  Ziegler  et  al.  (1997). 
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The  effect  of  relative  salinity  on  marine 
circulation  is  especially  important  because  of  its 
influence  on  the  stratification  versus  mixing  of 


the  water  column.  Coal-forming  swamps  in  the 
coastal  regions  are  suggestive  of  the  continuity  of 
precipitation  through  the  annual  cycle  (Lottes  & 
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Fig.  6.  Permian  Stage  3  (Artinskian,  Early  Leonardian,  Late  Chuanshanian)  climate-sensitive  sediments  and 
reconstructed  water  masses.  The  palaeogeography  is  from  the  Artinskian  map  of  Ziegler  et  al.  (1997). 
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Ziegler  1994)  and  therefore  of  fresh-water  runoff 
and  stratified  water  masses.  Clastic  and  nutrient 
input  as  well  as  turbidity  are  also  implied,  given 


suitable  source  areas,  so  pelagic  communities  and 
organic-rich  muds  should  dominate  in  end-member 
examples  of  these  low  salinity  water  masses. 
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Fig.  7.  Permian  Stage  4  (Kungurian,  Late  Leonardian,  Early  Chihsian)  climate-sensitive  sediments  and  reconstructed 
water  masses.  The  palaeogeography  is  from  the  Artinskian  map  of  Ziegler  et  al.  (1997). 
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Examples  include  the  middle  to  late  Permian  of 
China  and  the  late  Carboniferous  to  earliest  Permian 
of  the  US  Midcontinent.  At  the  opposite  end  of 


the  spectrum  are  the  evaporite  basins  so  proi^gnt 
in  the  Permian,  including  the  Zechstein,  RUssjan 
and  US  seaways  of  the  northern  subtropical  Zone 
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Fig.  8.  Permian  Stage  5  (Ufimian,  Roadian,  Late  Chihsian)  climate-sensitive  sediments  and  reconstructed  water 
masses.  The  palaeogeography  is  from  the  Kazanian  map  of  Ziegler  et  al.  (1997). 
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and  the  Amazon  and  Arabian  Basins  of  the 
opposite  hemisphere.  These  basins  must  have 
had  a  deficiency  of  precipitation  in  relation  to 


evaporation  and  a  well-mixed  water  column;  faunas 
were  extremely  specialised  and  limited  by  the  high 
salinities  and  temperatures. 
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Fig.  9.  Permian  Stage  6  (Kazanian,  Wordian,  Early  Maokouan)  climate-sensitive  sediments  and  reconstructed  water 
masses.  The  palaeogeography  is  from  the  Kazanian  map  of  Ziegler  et  al.  (1997). 
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Finally,  oil  source  rocks  are  widespread  in 
Permian  rocks  and  originated  in  a  variety  of 
environments.  These  include  lakes  and  coal  swamps 


in  the  terrestrial  realm,  density-stratified  basips  jn 
the  marine  realm,  and  coastal  upwelling  Zones 
Authors  have  favoured  the  upwelling  model  for 
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Fig.  10.  Permian  Stage  7  (Early  Tatarian,  Capitanian,  Late  Maokouan)  climate-sensitive  sediments  and  reconstructed 
water  masses.  The  palaeogeography  is  from  the  Tatarian  map  of  Ziegler  et  al.  (1997). 
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marine  source  rocks  (Parrish  1995;  Hay  1995), 
but  many  Permian  oil  basins  are  associated  with 
sediment  types  that  are  inconsistent  with  the 


upwelling  setting.  These  include  coals  and  other 
indicators  of  rainfall,  while  in  fact  desert  conditions 
are  typical  around  upwelling  zones  because  the 
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Fig.  11.  Permian  Stage  8  (Middle  Tatarian,  Early  Ochoan,  Wuchiapingian)  climate-sensitive  sediments  and 
reconstructed  water  masses.  The  palaeogeography  is  from  the  Tatarian  map  of  Ziegler  et  al.  (1997). 
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cool  waters  inhibit  evaporation  and  chill  the 
atmosphere.  Also,  carbonate  buildups  are  associated 
with  a  number  of  Permian  oil  forming  basins  (i.e. 


west  Texas),  and  normally  bottom  productivity  is 
inhibited  by  the  opacity  to  light  penetration  (hat 
results  from  the  plankton  blooms  of  upwe][jnc 
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Fig.  12.  Permian  Stage  9  (Late  Tatarian,  Late  Ochoan,  Changhsingian)  climate-sensitive  sediments  and  reconstructed 
water  masses.  The  palaeogeography  is  from  the  Tatarian  map  of  Ziegler  et  al.  (1997). 
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zones.  This  work  is  thus  allowing  us  to  expand 
predictive  models  for  these  economically  important 
deposits. 
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As  one  of  the  low-lying  microcontinents  in  the  eastern  Palaeotethyan  ocean,  South  China 
develops  continuous  Permian  marine  sequences,  from  which  three  supcrsequences  reflecting  the 
second-order  cycles  and  nine  subordinate  sequences  corresponding  to  the  third-order  cycles 
have  been  recognised.  These  sequences  correspond  approximately  to  the  Maping  Formation, 
the  Liangshan  Formation,  the  Chihsia  Formation,  the  Maokou  Formation,  the  Wuchiaping 
Formation  and  the  Changhsing  Formation,  respectively.  Each  sequence  is  bounded  by  regional 
unconformities  produced  by  the  interplay  of  eustatic  sea-level  drops  and  local  tectonic  uplift. 
Sequence  stratigraphical  analysis  of  the  three  supersequences,  named  respectively  the  Maping, 
Yanghsing  and  Loping  Supcrsequences,  reveals  the  following:  the  sea-level  went  down  slowly 
during  the  Chuanshanian,  then  went  through  a  period  of  slow-rising  followed  by  rapid-falling 
during  the  Chihsian  to  Maokouan.  During  the  Lopingian,  while  the  other  regions  of  the  world 
were  experiencing  a  great  regression,  the  sea-level  of  South  China  eperic  sea  rose  slowly  from 
the  Wuchiapingian  to  the  Changhsingian  and  then  rose  rapidly  at  the  end  of  the  Permian. 
Because  South  China  was  a  low-lying  microcontinent  and  lacked  a  massive  source  of  terrigenous 
influx  during  the  Permian,  we  believe  that  the  eustatic  curve  derived  from  this  microcontinent 
is  probably  closer  to  the  Permian  global  eustatic  profile.  This  may  also  account  for  the 
significant  differences  between  the  Permian  sea-level  change  curve  proposed  in  this  paper  from 
that  of  Ross  &  Ross  (1987,  1988,  1994)  based  on  the  Russian  Platform  and  North  America. 


TWO  main  suggestions  on  Permian  dcpositional 
sequences  have  been  proposed  in  recent  years.  The 
first  considered  the  Permian  deposits  as  a  complete 
supersequencc  reflecting  the  second-order  cycle, 
named  the  Transpecos  Supersequencc  (Ross  & 
Ross  1987,  1988,  1994).  In  the  second  suggestion, 
however,  the  Permian  is  divided  into  two  first- 
order  cycles  (Asselian-Sakmarian  and  Yakhatashian 
(Artinskian)-Dorashamian)  and  four  second-order 
cycles  corresponding  to  the  Asselian-Sakmarian, 
the  Yakhatashian  (Artinskian)-Bolorian,  the  Kuber- 
gandian-Midian  and  the  Dzhulfian-Dorashamian 
(Leven  1993,  1994).  Among  Leven’s  second-order 
cycles,  the  Kubergandian  to  Midian  cycle  appears 
to  have  the  largest  amount  of  transgression.  Accord¬ 
ing  to  the  sequence  stratigraphic  analysis  of  Ross 
&  Ross  (1987,  1988.  1994),  the  sea-level  fell  to 
the  lower  valley  at  the  early  stage  of  Permian,  and 
rose  again  to  the  peak  of  custasy  at  the  early 
Leonardian,  and  dropped  to  the  lowest  valley  at 
the  latest  Permian.  However,  these  eustatic  curves 
were  only  derived  from  the  North  American  and 
Russian  massifs,  and  have  not  been  compared  to 
the  Permian  dcpositional  records  of  South  China. 


Furthermore,  as  one  of  the  low-lying  micro¬ 
continents  in  the  Palaeotethyan  ocean,  the  relative 
changes  of  coastal  onlaps  during  lowstand  intervals 
are  fully  recorded  in  South  China,  which  was 
tectonically  stable  and  lacked  a  massive  source 
of  terrigenous  influx.  Therefore,  we  have  ample 
reasons  to  believe  that  the  sea-level  change  curves 
derived  from  South  China  are  closer  to  the  global 
eustatic  fluctuations  than  the  others  in  the  world. 
Thus,  it  seems  desirable  to  summarise  the  eustatic 
features  of  South  China  during  the  Permian. 


TERMINOLOGY  AND  METHODOLOGY 

The  concept  of  a  depositional  sequence  dealt  with 
in  this  paper  strictly  follows  the  definition  proposed 
by  Vail  et  al.  (1977)  and  Wagoner  et  al.  (1988, 
1990).  In  this  definition,  a  sequence  boundary  is 
considered  to  be  a  consequence  of  sea-level  falling 
and  typified  by  a  local  unconformity,  while  a  super¬ 
sequence  boundary  is  considered  to  result  from  a 
tectonic  movement  and  is  usually  manifested  by 
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a  regional  unconformity.  Usually,  a  sequence  is 
bounded  by  unconformities  or  its  correlative 
conformities  at  its  base  and  top  and  comprises 
Lowstand  System  Tracts  (referred  to  as  LST  here¬ 
after),  Transgressive  System  Tracts  (referred  to  as 
TST  hereafter)  and  Highstand  System  Tracts 
(referred  to  as  HST  hereafter).  The  maximum 
flooding  surface  condensed  sections,  separating  the 
TST  and  HST,  represent  the  maximum  Hooding 
event  in  a  sea-level  rising-falling  cycle.  A  super¬ 
sequence  corresponds  to  a  second-order  cycle  and 
spans  approximately  10  to  20  myr  in  duration, 
in  contrast  to  a  sequence  which  is  equivalent  to 
a  third-order  cycle  and  spans  approximately  1  to 
10  myr. 

The  detailed  description  of  the  methodology  used 
in  sequence  stratigraphy  has  been  dealt  with  by 
Vail  et  al.  (1977)  and  Wagoner  ct  al.  (1988,  1990) 
and  is  not  repeated  here.  However,  we  emphasise 
microfacies  and  palaeoecologieal  analysis  in  this 
paper  in  recognising  sequences  and  supcrscquences. 
Moreover,  the  concept  of  Punctuated  Aggradational 
Cycle  sequences  (referred  to  as  PACs  hereafter) 
of  Goodwin  &  Anderson  (1985)  is  also  referred 
to  in  the  present  paper  based  on  data  from  outcrop 
sections.  The  PACs  are  the  basic  units  within  a 
sequence,  possibly  corresponding  to  the  5th-  or 
6th-order  cycles. 


REGIONAL  GEOLOGICAL  SETTING 

South  China  as  used  in  this  paper  covers  13 
provinces  (e.g.  eastern  Yunnan,  Guizhou,  Guangxi, 
Sichuan,  southern  Shaanxi,  Hubei,  southern  Hunan, 
Jiangxi,  Guangdong,  southern  Anhui,  southern 
Jiangsu,  Zhejiang  and  Fujian)  (see  inset  in  Fig.  1A). 
Traditionally,  the  neighbouring  areas  of  the 
Sichuan-Guizhou- Yunnan  are  attributed  to  the 
Upper  Yangtze  Valley,  and  the  areas  to  the  east 
including  the  Jiangsu-Zhejiang-Anhui  Provinces 
are  referred  to  the  Lower  Yangtze  Valley.  In  this 
extended  South  China  block  the  Permian  is 


relatively  widespread  and  contains  numerous  con¬ 
tinuous  Permian-Triassic  sections.  For  the  purpose 
of  this  paper,  some  well-log  data  from  east  Sichuan 
and  Anhui  Provinces  are  also  adopted  as  references. 

Tectonically,  South  China  is  bounded  by  the 
Caledonian  Qinling  Fold  Belt  and  the  pre-Sinian 
Qinling-Huaiyang  Massif  along  its  northern  border, 
separated  from  the  Tibetan  Plateau  to  the  west  by 
the  pre-Sinian  Kangdian  Massif,  the  Longmenshan 
Uplift  and  the  Red  River  Fault  zone  probably  also 
of  pre-Sinian  age  (Huang  &  Chen  1987)  (Fig.  IB). 
To  the  southeast,  the  Cathaysian  fold  belt,  a  NE- 
SW-trending  probably  Caledonian  uplift,  might 
have  stood  as  a  barrier  separating  the  South  China 
epcric  sea  from  the  Palaeo-Pacific  ocean  (Huang 
&  Chen  1987).  During  the  Permian,  South  China 
was  situated  in  the  eastern  Palaeotethyan  ocean 
(Ziegler  et  al.  1997).  Compared  with  the  other 
blocks  such  as  North  China,  the  Russian  Platform 
and  the  North  America  massif.  South  China  lacked 
large-scale  uplift  and  other  tectonic  movements 
and,  presumably  as  a  consequence,  developed  the 
most  complete  and  continuous  Permian  marine 
sequences.  However,  within  the  South  China 
platform  there  existed  several  pre-Sinian  massifs, 
collectively  known  as  the  Chiangnan  Massif,  in 
Jiangxi,  Hunan  and  Guangdong  Provinces,  Further¬ 
more,  a  NE-SW-trending  fold  belt,  namely  Qinzhou 
trough,  lay  at  the  southern  parts  of  Guangxi  and 
Guangdong  Provinces  (Fig.  IB). 

The  Permian  System  of  South  China  has  been 
divided  into  three  series  and  seven  formations; 
these  are  in  ascending  order:  the  lower  Chuan- 
shanian  Scries  containing  the  Maping  Formation 
(or  the  Chuanshan  Formation),  the  Longling  For¬ 
mation;  the  middle  Yanghsingian  Series  consisting 
of  the  Liangshan  Formation,  the  Chihsia  Formation 
and  the  Maokou  Formation  (or  the  Kuhfeng  For¬ 
mation);  and  the  upper  Lopingian  Series  embracing 
the  Wuchiaping  (or  the  Lungtan)  Formation  and 
the  Changhsing  (or  the  Talung)  Formation.  In 
view  of  the  lithological  features  and  sedimentary 
successions,  the  Permian  of  the  South  China  cperic 
sea  may  be  roughly  divided  into  five  main  seas. 


Fig.  1.  Geographic  and  tectonic  outline  maps  of  South  China.  A.  Sketch  map  showing  the  study  areas  and  the 
five  Permian  sea  basins  in  South  China:  Sc,  Sichuan  Province;  Sa,  Shaanxi  Province:  Hb,  Hubei  Province; 
Hn,  Hunan  Province;  Ah,  Anhui  Province;  Js,  Jiangsu  Province;  Zj,  Zhejiang  Province;  Jx,  Jiangxi  Province; 
Fj,  Fujian  Province;  Gd,  Guangdong  Province;  Gx.  Guangxi  Province;  Yn.  Yunnan  Province;  Gz,  Guizhou  Province. 
A  =  Meigu;  I  =  Xuancn  (see  Fig.  6).  B.  Tectonic  outline  map  of  South  China  (modified  from  Huang  &  Chen 
1987):  KD,  Kangdian  Massif;  CN,  Chiangnan  Massif;  CA.  Cathaysia  Fold  Belt;  QZ,  Qinzhou  Fold  Belt; 
QH,  Qinling-Huaiyang  Massif;  IM,  Inner  Mongol  Massif;  HG,  Hinggan  Fold  Belt;  TS,  Ticnshan  Fold  Belt; 
KL,  Kunlun  Fold  Belt.  I.  Pre-Sinian  massifs  and  swells;  2.  Palaeozoic  folds  (Calcdonidcs  and  Variscanides); 
3.  Major  suture  zone;  4.  Major  deep  faults,  arrows  showing  transcurrent  faulting. 
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namely  the  Yangtze  Sea  (corresponding  to  the 
Sichuan-Shaanxi-Hubei  areas),  the  Yuegui  Sea  (in¬ 
cluding  the  west  Guangdong-east  Guangxi  areas), 
the  Dianqiangui  Sea  (consisting  of  the  east 
Yunnan-south  Guizhou-west  Guangxi  areas),  the 
Chiangnan  Sea  (composed  of  the  Jiangsu-Anhui- 
Jiangxi-Hunan  areas),  and  the  Cathaysia  Sea  (con¬ 
taining  the  Fujian-Jiangxi-Hunan  areas)  (Fig.  1A). 
Although  named  differently,  these  sea  basins  were 
not  tectonically  nor  dcpositionally  isolated  from 
each  other  during  the  Permian;  they  merely 
represent  different  depositional  areas  (depocentres 
or  localised  depressions)  initiated  and  maintained 
by  the  prevailing  uneven  palaeogeographical  con¬ 
ditions.  The  detailed  lithological  correlation  of  the 
Permian  sequences  among  these  sea  basins  is  shown 
in  Fig.  2. 

Marine  invertebrate  fossils  are  very  abundant  in 
the  Permian  rocks  of  South  China,  with  benthic 
organisms  dominating  in  the  carbonate  sediments, 
while  radiolarians,  siliceous  sponge  spicules,  am- 
monoids  and  some  brachiopods  being  commonly 
present  in  the  siliceous  rocks.  There  are  rich 
terrestrial  plant  and  marine  animal  fossils  as 
well  in  coal-bearing  strata.  Extensive  research  and 
detailed  palaeontological  studies  by  Chinese 
workers  over  the  past  decades  have  established 
characteristic  marine  fossil  assemblage  zones  across 
South  China  (e.g.  Sheng  1962;  Sheng  &  Jin  1994; 
Wu  et  al.  1990;  Zhou  1987;  Jin  et  al.  1994;  Zhu 
&  Zhang  1994;  Mei  et  al.  1994a,  1994b,  1994c). 
As  a  result,  a  comprehensive  Permian  chrono- 
stratigraphic  scale  was  proposed  by  Sheng  &  Jin 
(1994)  with  detailed  correlation  charts  between  the 
different  basins  across  South  China.  The  Chinese 
series  and  stages  are  exclusively  defined  based 
on  the  above  biostraligraphic  subdivisions.  Sheng 
&  Jin’s  scale  and  correlation  schemes  provide  a 
biostratigraphic  framework  for  the  present  paper 
(Table  1). 


PERMIAN  TRANSGRESSIVE-REGRESSIVE 
SEQUENCES  OF  SOUTH  CHINA 

The  Permian  transgression-regression  (referred  to 
as  T-R  hereafter)  cycles  of  South  China  arc 
interrupted  by  two  major  regressions  that  have 
caused  widespread  crosional  truncations.  The  first 
regression  appeared  at  the  Longlinian  ( Pamirina 
Zone  or  Charaloschwagerina  Zone)  and  reached 
its  acme  at  the  end  of  the  Longlinian  (=  middle 
Artinskian).  The  second  one  began  approximately 


from  the  upper  part  of  the  Jinogondolella 
postserrata  Zone  of  the  Maokouan,  reached  its 
lowest  point  at  the  top  of  the  J.  xuanhanensis 
Zone  of  the  Maokouan  and  then  shifted  into  the 
Lopingian  transgression.  These  two  major  sea-level 
drops  are  correlative  with  the  major  regressions  of 
the  late  Artinskian  and  end-Guadalupian  revealed 
in  the  eustasy  curves  of  Holser  &  Magaritz  (1987). 
This  implies  that  the  sea-level  had  withdrawn  to 
the  shelf  margin  twice  during  the  Permian.  The 
unconformities  caused  by  these  regressions  are 
significantly  greater  than  others  and,  therefore,  can 
be  regarded  as  boundaries  of  the  second-order 
cycles  corresponding  to  supersequences.  For  these 
reasons,  the  Permian  of  South  China  is  subdivided 
into  three  supcrscquenccs  reflecting  the  fore- 
mentioned  2nd-order  cycles.  These  superscquences 
are,  in  ascending  order,  the  Maping,  Yanghsing  and 
Loping.  The  basal  boundary  of  the  Maping  super¬ 
sequence  is  preserved  in  the  Upper  Carboniferous, 
corresponding  roughly  to  the  base  of  the 
Kasimovian,  while  the  lop  boundary  of  the  Loping 
supersequence  is  recorded  within  the  Early  Triassic 
rocks  being  equivalent  approximately  to  the  top  of 
the  Olenekian  (Chen  et  al.  1996).  Thus,  it  becomes 
obvious  that  the  Permian  only  records  two'  super¬ 
sequence  boundaries,  both  of  which  are  identified 
by  regional  disconformities  formed  by  the  two 
regressions  mentioned  above.  The  T-R  succession 
recognised  in  this  paper  is  quite  different  from  that 
of  Leven  (1994)  in  that  we  could  only  recognise 
one  complete  2nd-order  T-R  cycle  dominated  by 
transgression  for  the  Chihsian-Maokouan  interval 
rather  than  two  2nd-order  cycles  for  the  same 
interval  as  suggested  by  Leven  (1994).  This  is 
because  the  absence  of  a  prominent  regional 
unconformity  between  the  Chihsian  and  Maokouan 
Subseries  prevents  us  from  distinguishing  another 
2nd-order  T-R  cycle  from  the  Yanghsingian  in 
South  China. 


Maping  supersequence 

It  consists  mainly  of  the  carbonate  sediments  of 
the  Maping  Formation  in  the  Upper  Yangtze  Valley 
or  the  Chuanshan  Formation  in  the  Lower  Yangtze 
Valley,  ranging  from  the  Kasimovian  of  the  Late 
Carboniferous  to  the  Chuanshanian  of  the  Early 
Permian.  Its  base  is  roughly  equivalent  to  the 
bottom  of  the  Kasimovian,  a  large-scale  overlap 
surface.  The  top  of  this  supcrscquence  is  marked 
by  the  widespread  unconformity  separating  the 
Maping/Chuanshan  Formation  below,  and  the 
Liangshan  or  Chihsia  Formation  above,  across 
most  areas  of  South  China  (Fig.  3). 
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The  Carboniferous  component  of  this  super¬ 
sequence  is  composed  of  the  white  wackstones 
and  packstones  of  the  platform  facies  (Fig.  4). 
The  Permian  part  of  the  Maping  supersequcncc 
corresponds  broadly  to  the  middle  and  upper  parts 
of  the  Maping/Chuanshan  Formation.  In  this 
stratigraphic  interval,  some  index  fusulinid  and 
conodont  zones  are  distinguishable,  such  as 
fusulinids:  Pseudoschwagerina  Zone  below  to 


Parmirina  Zone  above,  and  conodonts  Strept0. 
gnathodus  wabaunsensis  Zone  below  to  S\veet0. 
gnathus  wbiti  Zone  above.  Hence,  this  unit  be 
referred  to  the  Assclian-Artinskian  and  is  character¬ 
ised  by  thick-bedded  packstones  and  wackstones. 
The  most  continuous  dcpositional  successions 
of  this  supersequence  are  well  exposed  in  tjic 
Dianqiangui  sea  basin.  A  large  scale  depositjonal 
cross  section  from  the  southern  and  central  Guj^ou 
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Table  I.  Permian  biozones  and  correlation  of  conodonts,  fusulinids  and  ammonoids  in  South  China  (adapted  from 
Sheng  &  Jin  1994;  Jin  et  al.  1997). 
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Fig.  3.  A  schematic  cross-section  of  the  Maping  Supersequence  of  the  Dianqiangui  sea  basin  across  central  and  southwestern  Guizhou  in  the  southern 
Guizhou  Province:  1.  breccia;  2.  marlite;  3.  limestone;  4.  shale;  5.  siltstone;  6.  sandstone. 


352 


Z.  Q.  CHEN,  JIN  YUGAN  AND  G.  R.  SHI 


■nbas 

-jadns 

6uisl(6uba 

6mdei/\| 

•nbas 

c\i 

CNJ 

T — 

Sys. 

Tracts 

HST 

TST 

HST 

TST 

HST 

TST 

Micro- 

environ. 

(platform) 

Inner 

Shelf 

Outer 

Shelf 

Inner 

Shelf 

Outer 

Shelf 

Inner 

Shelf 

Outer 

Shelf 

Inner 

Shelf 

Outer 

Shelf 

Inner 

Shelf 

A:  ammonoids;  C:  corals;  Bra:  brachiopods;  Bry:  bryozoans;  F:  foraminifers:  T:  tubiphytes 


PERMIAN  TRANSGRESSION-REGRESSION  SEQUENCES  AND  SEA-LEVEL  CHANGES 


353 


areas  reveals  (Fig.  3)  that  the  Carboniferous  part 
of  the  Maping  supcrsequence  is  dominated  by 
retrogradational  sedimentation,  while  the  Permian 
part  is  characterised  by  massive  aggradational 
sedimentation.  This  sedimentation  pattern  implies 
that  the  Carboniferous  rocks,  forming  the  Trans¬ 
gressive  System  Tract  (TST),  indicate  long-term 
sea-level  rises,  while  the  Permian,  comprising  the 
Highstand  System  Tract  (HST),  suggests  long-term 
sea-level  stagnation  or  slow  falling. 

Generally,  although  the  low-amplitude  sea-level 
fluctuations  can  be  identified  from  the  Permian 
sediments  of  the  Maping  supersequence,  no  dis¬ 
tinctive  sequence  boundaries  can  be  recognised. 
The  first  sequence  of  the  Permian  consists  of 
the  sediments  across  the  Carboniferous-Pcrmian 
boundary.  The  base  of  this  sequence  is  marked 
by  the  appearance  of  breecia  underlying  the 
Pseudoschwagerina  Zone  in  the  Dianqiangui  sea 
basin,  or  is  characterised  by  the  overlap  surface 
between  the  limestones  bearing  the  Pseudo¬ 
schwagerina  Zone  of  the  Maping  Formation  above 
and  the  limestones  yielding  the  Fusulina- 
Fusuliniella  Zone  of  the  Huanglung  Formation 
below  in  the  marginal  regions  of  the  Yangtze  sea 
basin.  The  maximum  flooding  surface  of  this 
sequence  corresponds  roughly  to  the  Carboniferous- 
Permian  biostratigraphical  boundary  (Fig.  4).  This 
flooding  caused  a  rapid  increase  of  carbonate 
deposition  in  South  China  at  the  beginning  of  the 
Permian.  The  overlying  white,  thick-bedded  pack- 
stones  and  wackstones  bearing  large  oncolitcs  and 
marl  deposits  form  the  HST  of  the  first  sequence 
of  the  Permian  (Fig.  4).  The  top  of  this  first 
sequence  (Sequence  1.1  in  Fig.  4)  is  marked  by 
a  massive  regression  slightly  below  the  extinction 
point  of  Sphaeroschwagerina  in  the  Chuanshan 
Formation  (Zhu  1995).  The  sedimentary  features 
of  this  sequence  indicate  that  the  sea-level  remained 
high  consistently  throughout  the  Asselian  and 
Sakmarian  stages  (Fig.  4). 

The  second  sequence  (Sequence  1.2  in  Fig.  4) 
within  the  Maping  supersequence  ranges  from  the 
Sphaeroschwagerina  Zone  to  the  top  of  the  Maping/ 
Chuanshan  Formation,  its  base  is  assigned  to  the 
latest  Sakmarian  (Zhu  1995),  while  its  top  corre¬ 
sponds  to  the  regional  unconformity  separating  the 
Maping/Chuanshan  Formation  and  the  Liangshan 
Formation  or  Chihsia  Formation.  This  sequence  is, 
generally,  regressive  in  nature  and  characterised  by 


the  appearance  of  dark-grey  limestones  associated 
with  an  increase  in  argillaceous  influx  (Fig.  4). 
The  limestones  contain  palacokarst  structures  on 
the  upper  surface  of  each  bed  across  most  areas 
of  South  China.  This  regressive  succession  extends 
into  the  top  part  of  the  Chuanshan/Maping  For¬ 
mation  above  the  Sphaeroschwagerina  horizon  and 
ends  at  the  overlying  disconformity.  The  fusulinid 
Staffella  Zone  occurs  in  this  sequence,  indicating 
an  early  Artinskian  age  (Zhu  1995). 

In  addition,  the  Early  Permian  Longlin  Formation 
is  characterised  by  rhythmites  consisting  of  alter¬ 
nating  clastic  and  carbonate  units  deposited  in  the 
depressions  of  the  platform  near  the  pericontinental 
zones  of  the  Dianqiangui  sea  basin.  This  means 
that  eustatic  movements  were  very  active  at  that 
time.  On  the  other  hand,  in  the  Hubei-Sichuan 
areas  (Yangtze  sea),  the  Early  Permian  sequence 
is  represented  by  a  regional  non-depositional 
surface  between  the  Middle  Permian  Liangshan 
Formation/Chihsia  Formation  above  and  the 
Huanglung/Maping  Formation  of  the  Upper 
Carboniferous  below. 

Generally  speaking,  one  and  a  half  sequences 
can  be  distinguished  within  the  Permian  part  of 
the  Maping  superscquence  (Fig.  4).  The  upward 
shallowing  carbonate  sequences  are  developed 
extensively  in  most  areas  of  South  China  in 
the  Asselian  to  Artinskian  ages,  this  means  that 
the  Maping  superscquence  was  deposited  under  the 
control  of  a  long-term  eustatic  drop  during  this 
stage.  The  sea-level  reaches  its  major  lowstand 
in  the  middle  Artinskian,  corresponding  roughly 
to  the  middle  part  of  Pamirina  zone  (Xiao  et  al. 
1986). 

Yanghsing  supersequence 

This  supersequence  represents  the  depositional 
package  between  the  maximum  regression  occurring 
at  the  very  beginning  of  the  Chihsian  Stage  and 
the  commencement  of  the  Lopingian  transgression. 
It  comprises  the  Chihsian-Maokouan  deposits 
corresponding  to  the  Liangshan  Formation,  Chihsia 
Formation  and  Maokou/Kuhfeng  Formations. 

The  top  of  this  supersequence  is  bounded  roughly 
by  the  widespread  unconformity  separating  the 
Maokou  Formation  below  and  the  Wuchiaping 
Formation  above  (see  next),  and  its  base  is 
marked  by  a  large-scale  unconformity  separating 


Fig.  4.  Sequence  stratigraphic  framework  across  the  Carboniferous-Permian  boundary  of  the  Xiaodushan  section 
of  Guangnan  area,  eastern  Yunnan  Province  (Iitho-  and  biostratigraphical  data  is  after  Zhou  et  al.  1987):  ST.,  System 
Tracts;  Sequ.,  Sequence;  HST,  Highstand  System  Tract;  TST,  Transgressive  System  Tract. 
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the  Maping  or  Chuanshan  Formation  below  and 
the  Liangshan  or,  locally,  the  Chihsia  Formation 
above.  In  terms  of  biological  transition,  the  latter 
unconformity  is  defined  by  the  conodont  Sweeto- 
gnathus  whitei  Zone  below  and  the  Neoslrepto- 
gnathodus  pequopensis-N.  toriyamai  Zone  above, 
and  the  Parmirina  darvasica-Cbaraloschwagcrina 
inflata  Zone  of  the  open  shelf  facies  (or  the 
Parmirina  globosa-P.  darvasica  Zone  in  the 
slope  or  basin  facies)  below  and  the  Brevaxina 
dyhrenfurlhi  Zone  above  (or  the  Schubcrtella  Zone 
of  the  restricted  shelf  facies).  Across  this  boundary, 
only  a  few  areas  of  South  China  have  recorded 
continuous  biozonation,  while  most  other  areas  lack 
one  or  more  biozones.  This  fact  implies  that  the 
basal  boundary  of  the  Yanghsing  supersequence 
corresponds  to  a  regional  unconformity.  A  large 
scale  cross-section  of  the  Yanghsingian  from  the 
Guizhou  area  (Fig.  5)  shows  that  the  Yanghsing 
supersequence  comprises  the  massive  retro- 
gradational  and  progradational  or  aggradational 
depositional  systems,  representing  a  complete 
long-term  T-R  cycle. 

Biostratigraphieally,  the  Yanghsing  supersequence 
comprises  two  fusulinid  genozones:  the  Misellina 
Zone  and  the  Neoschwagerina  Zone  (Fig.  5), 
collectively  corresponding  to  the  Cathedralian 
and  the  Guadalupian  of  southwest  United  States 
(Sheng  &  Jin  1994;  Ross  &  Ross  1987)  and  the 
Yakhatashian-Midian  of  Lcven  (1979). 

The  Yanghsing  depositional  package  is  distri¬ 
buted  extensively  in  South  China.  Within  this 
supersequence,  six  sequences  are  recognised 
(Sequences  2.1  to  2.6  inclusive)  on  the  basis  of 
observed  regional  regressional  surfaces,  although 
these  regressional  surfaces  appear  to  have  never 
caused  distinctive  subacrial  erosion.  Two  traditional 
outcrop  sections  (Figs  6,  7)  from  the  Nanjing  area 
of  Jiangsu  Province  and  the  Laibin  area  of  Guangxi 
Province  are  chosen  herein  to  show  the  detailed 
subdivision  of  the  third-order  sequences  within  the 
Yanghsing  supersequencc. 


Sequence  2.1.  This  sequence  comprises  the  Liang¬ 
shan  Formation  and  its  equivalents,  which  are 
dominated  by  sandstones  and  shales  intercalated 
with  thin-bedded  limestones,  with  coal  measures 
appearing  at  its  upper  part.  The  sequence  is  marked 
at  its  base  by  a  regional  unconformity  forming  the 
boundary'  between  the  Maping  and  Yanghsing 
supersequcnccs.  Its  upper  boundary  is  placed  at  the 
top  of  the  Liangshan  Formation  in  the  Upper 
Yangtze  Valley  where  it  is  characterised  by  coal 
seams;  in  the  lower  Yangtze  Valley,  the  boundary 
is  placed  within  the  lower  part  of  the  Chihsia 


Formation  (Fig.  6).  In  some  areas,  the  depositional 
facies  of  this  sequence  is  highly  varied.  For 
example,  in  southern  Guizhou  this  sequence  is 
represented  by  three  main  facies  (Fig.  5):  (1)  a 
rift-valley  facies  (mainly  shales)  of  the  Gaijiao 
Member  of  the  Sidazai  Formation  in  the  southern 
areas  of  the  Nanpenjiang  river;  (2)  the  platform- 
margin  or  platform  facies  (mainly  carbonates)  of 
the  Houziguan  Formation  in  the  Chehan-Ziyuan 
area;  and  (3)  the  platform  depression  facies  (mainly 
clasolites)  of  the  Shaoping  Formation  from  the 
Liupan  areas  and  the  upper  part  of  the  Huagong 
Formation  from  the  Huagong  area  of  Qinglong 
(Fig.  5).  In  these  areas,  the  sequence  ranges  from 
the  Parmirina  Zone  below  to  the  lowest  level  of 
the  Misellina  Zone  above. 

Regionally,  however.  Sequence  2.1  is  a  relatively 
thin  and  shallowing  upward  succession  of  mixed 
carbonate  and  siliciclastic  sediments,  distributed 
widely  across  most  areas  of  South  China.  Internally, 
the  sequence  is  intercalated  with  a  large  number 
of  smallcr-scalc  shallowing  upward  cycles  corre¬ 
sponding  to  the  Punctuated  Aggradational  Cycle 
sequence  (PACs)  of  Goodwin  &  Anderson  (1985). 
These  5th-  and  6th-order  cycles  display  varied 
motifs  ranging  from  fine  to  coarsening-upward  but 
all  appear  to  be  aggradational  or  progradational. 
At  least  50  PACs,  each  consisting  of  black  shales 
below  and  biosparites  above,  can  be  recognised 
from  the  Liangshan  Formation  in  the  Laibin  section 
on  the  basis  of  the  ecological  stratigraphic  analysis 
of  Wu  &  Qian  (1990).  This  recognition  suggests 
that  the  5th-  and  6th-order  sea-level  oscillations 
were  very  frequent  at  the  very  beginning  of  the 
Chihsian  transgression. 

Sequence  2.2.  This  sequence  corresponds  roughly 
to  the  Swine  Limestone  member  and  the  lower 
silicalitc  member  of  the  Chihsia  Formation 
(Fig.  6),  a  widespread  unit  across  South  China. 
It  ranges  from  the  Misellina  Zone  below  to  the 
lower  part  of  the  Nankinella  Zone  above.  This 
sequence  accommodates  mixed  carbonate  and 
siliceous  sediments.  Its  base  is  marked  by  a 
widespread,  abruptly  overlapping  surface  with  the 
restricted  shallow  sea,  chert-bearing  limestones  of 
the  lower  Chihsia  Formation  overstepping  directly 
above  the  littoral  swamp  facies  of  the  coal  seam 
deposits  of  the  Liangshan  Formation  (i.e.  the  HST 
of  Sequence  2.1).  Thus,  the  overstepping  surface 
is  taken  to  mark  a  new  depositional  cycle. 

Sequence  2.3.  This  sequence  includes  the  sedi¬ 
ment  package  corresponding  broadly  to  the  lower 
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and  middle  parts  of  the  main  limestone  member 
of  the  Chihsia  Formation  (Fig.  8),  spanning  from 
the  Nankinelta  orbicularia  Zone  below  to  the  base 
of  the  Schwagerina  chihsiaensis  Zone  (in  Guizhou 
areas,  however,  the  sequence  is  defined  by  the 
Sliengella  simplex  Zone  below  and  the  Cancellina 
ellipiica  Zone  above;  see  Xiao  et  al.  1986). 

The  basal  boundary  of  the  sequence  appears 
approximately  at  the  bottom  of  the  main  limestone 


member  of  the  Chihsia  Formation  in  the  Lower 
Yangtze  Valley  (Fig.  6),  or  at  the  basal  part  of  t|)e 
Sliengella  simplex  Zone  in  the  Guizhou  areas 
According  to  microfacies  analysis,  the  deposits  near 
this  basal  boundary  reveal  a  shallow  restricted 
environment,  implying  a  sea-level  fall.  During  ^ 
deposition  of  the  sequence,  lowstand  carbonate 
margin  wedges,  consisting  mainly  of  the  basal  part 
of  the  main  limestone  member  mentioned  above 
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Fig.  6.  Sequence  stratigraphical  framework  and  possible  sea-level  change  curve  of  the  Nanjing  area  of  Jiangsu 
Province:  HST  =  Highstand  System  Tract;  TST  =  Transgressive  System  Tract;  LST  =  Lowstand  System  Tract; 
SB  =  Sequence  Boundary.  I.  siliceous  shale;  2.  silicalite;  3.  cherty  limestone;  4.  argillaceous  limestone;  5.  lime¬ 
stone;  6.  hiatus. 
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Fig.  7.  The  sequence  stratigraphic  framework  and  possible  sea-level  change  curve  of  the  Laibin  area  of  Guangxi 
Province:  1.  limestone;  2.  argillaceous  limestone;  3.  cherty  limestone;  4.  silicalite.  The  other  symbols  are  as 
in  Fig.  6. 
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were  extensively  accumulated  near  littoral  zones  in 
deeper  shelf  sea  due  to  the  slowly  falling  of  the 
sea-level.  Therefore,  this  carbonate  sequence  is 
dominated  by  the  extensive  appearance  of  the 
lowstand  carbonate  margin  wedge. 

Sequence  2.4.  This  sequence  comprises  the  car¬ 
bonate  rocks  from  the  upper  part  of  the  main 
limestone  member  of  the  Chihsia  Formation  to 
the  base  of  the  Kuhfeng  or  Maokou  Formation 
(Figs  6,  7).  It  corresponds  to  the  biostratigraphical 
range  from  the  Schwagerina  chihsiaensis  Zone 
below  to  the  bottom  of  the  Parafusulina  multi- 
septata  Zone  above  in  the  Lower  Yangtze  Valley, 
or  from  the  Cancellina  liuzhiensis  Zone  below  to 
the  Neoschwagerina  simplex  Zone  above  in  south 
Guizhou.  The  biozones  indicate  a  partly  Roadian 
age  (Table  1).  The  base  of  the  sequence  is  bounded 
by  a  minor  exposure  surface  expressed  by  rich 
vertical  burrows  and  corresponds  approximately  to 
the  horizon  of  the  upper  and  middle  parts  of  the 
main  limestone  member  of  the  Chihsia  Formation. 
Biostratigraphically,  this  boundary  is  defined  by 
the  Nankinella  orbicularia  Zone  below  and 
Schwagerina  chihsiaensis  Zone  above  in  most 
areas  of  South  China. 

This  sequence  consists  mainly  of  epeiric  facies: 
argillaceous  limestones  with  siliceous  nodules, 
siliceous  shales  and  black,  organic-rich,  argillaceous 
limestones.  The  fine,  siliceous  and  black  nature  of 
the  lithologies  may  suggest  a  major  anoxic  event 
towards  the  end  of  the  Chihsian  (Yan  1992;  Yan 
&  Feng  1994).  This  view  seems  consistent  with 
the  local  occurrences  of  black  calcareous  shales, 
clay  beds  and  thin  limestones  (e.g.  the  Hsiakiang 
in  southern  Jiangxi). 

Sequence  2.5.  The  sequence  is  equivalent  broadly 
to  the  lower  part  of  the  Maokou  Formation  in 
the  Upper  Yangtze  Valley  and  the  Kuhfeng  For¬ 
mation  in  the  Lower  Yangtze  Valley  (Fig.  6).  It 
is  Kuhfengian  in  age  (equivalent  to  the  Early 
Guadalupian)  in  view  of  the  presence  of  character¬ 
istic  fusulinid  and  conodont  zones  (see  Table  1). 
The  basal  boundary  is  placed  at  the  bottom  of  the 
Maokou  or  Kuhfeng  Formation,  where  the  deposits 
are  characterised  by  intertidal  facies  enriched  with 
vertical  burrows  in  some  areas.  Of  note  is  the  red 
conglomerate-bearing  clays  at  the  basal  Kuhfeng 
Formation  in  the  Pingdingshan  area  of  Chaoxian 


county,  Anhui  Province.  Similarly,  a  coal-bearing 
unit  is  also  present  within  the  basal  Dingjiashan 
Formation  in  the  Lengwu  section,  west  Zhejiang. 
These  sedimentary  features  suggest  that  the  sea 
level  fell  rapidly  at  the  beginning  of  the  sequence, 
allowing  massive  shelves  to  be  drained. 

Sequence  2.5  is  composed  mainly  of  carbonates 
and  siliceous  shales  with  frequent  facies  changes. 
Two  main  types  of  lithofacics  can  be  recognised: 
siliciclastic  and  carbonate  (Figs  6,  7).  The  carbonate 
group  is  mainly  represented  by  the  shelf-facies 
carbonates  of  the  Maokou  Formation  (Fig.  7),  while 
the  siliciclastic  lithofacies  comprises  the  siliceous 
and  terrigenous  deposits  of  the  Kuhfeng  Formation 
exposed  mainly  in  the  Lower  Yangtze  Valley 
(Fig.  6). 

Sequence  2.6.  This  sequence  corresponds  approx¬ 
imately  to  the  upper  part  of  the  Maokou  (or 
Kuhfeng)  Formation  and  is  of  the  Lengwuan  (the 
Late  Maokouan)  in  age  according  to  Sheng  &  Jin 
(1994).  Its  basinward  correlation  is  facilitated  by 
a  suite  of  index  zonal  fossils  containing  the  Yabeina 
gubleri  Zone  below  to  Metadoliolina  Zone  above, 
the  conodont  Jinogondolella  posterrata  Zone  in 
the  lower  part  and  the  J.  xuanhanensis  Zone  in 
the  upper  part  (Table  1).  Its  top  is  bounded  by 
a  widespread  unconformity,  which  is  also  the 
boundary  between  the  Yanghsing  and  Loping  super¬ 
sequences,  while  its  base  is  placed  approximately 
at  the  bottom  of  the  white  block  biolithites  at  the 
middle  part  of  the  Maokou  Formation  (Fig.  7). 
This  sequence  develops  a  lowstand  carbonate  shelf 
margin  wedge  in  the  Upper  Yangtze  Valley,  where 
the  carbonates  of  the  Maokou  Formation  are  widely 
exposed.  On  the  other  hand,  deeper  basin  facies 
such  as  siliceous  shales  generally  assigned  to  the 
Kuhfeng  Formation  are  also  common.  Also  of 
mention  is  a  Lengwuan  sponge  reef  found  in  west 
Zhejiang,  suggesting  a  sea-level  fall  during  this 
time  (Sheng  &  Jin  1994). 

Loping  supersequence 

This  supersequence  spans  the  Loping  Series  through 
to  the  Lower  Triassic,  marked  at  its  base  by  the 
regional  disconformity  separating  the  Yanghsingian 
and  Lopingian  over  most  areas  of  South  China. 
Locally,  however,  such  as  in  the  deep  rift  or  basin 
areas  (e.g.  the  Laibin  area  of  Guangxi),  the  lower 


Fig.  8.  A  schematic  cross-section  of  the  Lopingian  Supersequence  across  the  Yangtze  sea  basin  in  South  China 
(for  localities  A-I,  see  Fig.  1):  1.  basalt;  2.  conglomerate;  3.  sandstone;  4.  limestone;  5.  coal  seam;  6.  silicalite; 
7.  rhythmic  alternation  of  the  mudstone  and  sandstone.  The  other  symbols  are  the  same  as  in  Fig.  6. 
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boundary  is  placed  at  the  horizon  between  the 
conodont  Jinogondolella  xuanhanensis  Zone  below 
and  the  J.  granii  Zone  above  within  the  Maokou 
Formation.  The  white  limestone  of  the  topmost 
Maokou  Formation,  defined  by  the  J.  grand  Zone, 
forms  the  lowstand  basin  floor  fan  of  this  super¬ 
sequence.  Owing  to  this  regional  disconformity, 
only  the  Clarkina  postbitteri  Zone  or  the  overlying 
C.  doukouensis  Zone  usually  appears  at  the  basal 
part  of  the  Lopingian  in  broad  areas  of  South 
China,  and  the  J.  grand  Zone  is  missing  in  most 
areas  of  South  China.  The  top  part  of  this  super¬ 
sequence  corresponds  roughly  to  the  top  of  the 
Olenekian  of  the  Lower  Triassic.  The  topmost  of 
the  Lopingian  may  correspond  to  the  condensed 
uppermost  Permian  sections  containing  a  maximum 
flooding  surface. 

The  Permian  part  of  the  Loping  supersequence 
is  composed  of  the  topmost  Maokou  Formation, 
the  Wuchiaping  Formation  (or  the  Lungtan  For¬ 
mation)  and  the  Changhsing  Formation  (or  the 
Talung  Formation),  and  is  defined  by  the  fusulinid 
Codonofusiella  kwangsiensis  Zone  in  the  lower 
and  the  Palaeofusulina  sinensis  Zone  in  the 
upper,  conodonts  Jinogondolella  granti  Zone  below 
to  Clarkina  changxingensis  Zone  above,  and 
ammonoids  Roadoceras-Doulingoceras  Zone  below 
to  Rotodiscoceras-Pseadodrolites  Zone  above.  It 
is  equivalent  to  the  2nd  order  sequence  of  the 
Dzhulfian-Dorashamian  of  Leven  (1993)  recognised 
from  the  western  Tethys. 

It  is  generally  held  that  the  end-Maokouan 
(Guadalupian)  regression  and  the  Lopingian  trans¬ 
gression  resulted  in  the  accumulation  of  coal¬ 
bearing  deposits  in  various  areas  of  South  China. 
These  coal  deposits  have  been  conventionally 
referred  to  as  the  Lungtan  Coal  Series  or  the 
Lungtan  Formation.  However,  the  available  strati¬ 
graphic  data  indicate  significant  differences  in 
both  depositional  environments  and  stratigraphical 
successions  between  central  and  southeast  China 
(Guangdong  and  Jiangxi  Provinces)  and  southwest 
China  (e.g.  Sichuan  Province).  The  coal-bearing 
succession  in  the  Yuegui,  Chiangnan  and  Cathaysia 
seas  (central  and  southeast  China)  consists  generally 
of  two  parts:  a  regression  succession  of  the  Leng- 
wuan  age  in  the  lower,  succeeded  by  a  transgressive 
interval  of  the  Lopingian  age  in  the  upper.  The 


two  units  are  clearly  subdivided  by  an  unconformity 
in  the  Cathaysia  sea  and,  as  a  result,  have  been 
historically  separated  as  two  lithological  units:  the 
Ceipingshan  Formation  and  the  Tongtzcyan  For¬ 
mation.  By  contrast,  in  central  China,  the  coal¬ 
bearing  deposits  are  bracketed  by  basin  pelagic 
beds  in  depressions  behind  carbonate  platforms, 
such  as  the  Douling  coal-bearing  series  in  the 
Yuegui  sea.  These  clastic  depositional  sequences 
were  accumulated  when  these  depressions  were 
drained  due  to  falling  sea-level.  Overlapping  the 
coal-bearing  beds  in  the  Yuegui  sea  are  marine 
beds  containing  abundant  fossils  characteristic  of 
both  the  Maokouan  and  Wuchiapingian  faunas.  In 
shelf  areas,  the  lowermost  marine  beds  usually 
yield  typical  Wuchiapingian  faunas,  such  as  the 
Protoceras-Andersonoceras  ammonoid  fauna  and 
conodonts  of  the  Clarkina  leveni  Zone.  On  the 
other  hand,  the  coal-bearing  successions  in  the 
Yangtze  region  are  essentially  referred  to  as  a 
transgression  sequence  of  Lopingian  age  (Figs  8, 
9).  The  clastic  deposits  accumulated  during  the 
end-Maokouan  regression  are  limited  to  fluvial 
sediments  less  than  ten  metres  thick.  These  beds 
are  usually  overlain  by  the  Wuchiapingian  carbon¬ 
ate  deposits  in  the  shelf  areas  (Fig.  8). 

The  Lopingian  transgression  succession  was 
punctuated  by  four  prominent  regressions  that  oc¬ 
curred  coincidentally  with  the  mid-Wuchiapingian, 
end-Wuchiapingian,  mid-Changhsingian  and  end- 
Changhsingian,  respectively.  The  erosional  surface 
caused  by  these  regressions  divide  the  Permian  part 
of  the  Lopingian  supersequence  into  four  and  a 
half  third-order  sequences  (referred  to  herein 
as  Sequences  3.1  through  to  3.5;  see  Figs  8,  9). 
With  the  progressive  transgression  during  the 
Changhsingian,  the  sea-level  rose  to  a  greater  height 
than  the  previous  three  cycles  corresponding  to 
Sequences  3.1  to  3.3  of  the  Lopingian,  accompanied 
by  the  so-called  condensed  deposits  of  cherty  shales 
(Talung  Formation)  in  basins  as  well  as  across 
shelves.  Surprisingly,  following  the  cycle  corre¬ 
sponding  to  Sequence  3.4  there  was  not  a  great 
regression  as  predicted  by  most  popular  models 
of  the  Permian  eustacy.  In  contrast,  a  rapid 
transgression  occurred  in  the  latest  Changhsingian, 
accompanied  by  a  sudden  end-Changhsingian 
flooding  (Fig.  9)  (Chen  1995;  Jin  et  al.  1994). 


Fig.  9.  The  Lopingian  sequence  stratigraphical  framework  and  possible  palaeoenvironmental  change  curve  in  the 
Xingwan  area  of  Sichuan  Province,  South  China.  Lithological  legend:  1 .  coal  scam;  2.  muddy  siltstone;  3.  sandstone; 
4.  conglomerate;  5.  shale;  6.  limestone;  7.  argillaceous  limestone;  8.  reef;  9.  clay.  Palaeoenviromental  legend: 
I.  fluvial  channel;  2.  over  bank:  3.  fluvial  plain;  4.  swamp;  5.  lacustrine;  6.  delta;  7.  littoral  zone;  8.  intertidal 
zone;  9.  sublittoral  zone;  10.  carbonate  platform;  11.  slope  of  platform;  12.  outer  shelf, 
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Sequence  3.1.  This  sequence  consists  of  the  white 
limestone  of  the  topmost  Maokou  Formation  of 
end-Lengwuan  age  and  the  bulk  of  the  early  Late 
Permian  Wuchiaping  Formation  and  its  equivalents. 
The  disconformity  separating  Sequence  3.1  and  the 
underlying  Sequence  2.6  is  widespread  regionally 
in  South  China  and  is  estimated  to  represent  about 
2  to  4  conodont  zones.  The  top  of  this  sequence 
is  placed  approximately  at  the  middle  part  of 
the  Lungtan  or  Wuchiapingian  Formation  and  is 
defined  by  the  Codonofusiella  kwangsiensis  Zone 
below  to  the  Nanlingella  simplex  Zone  above,  the 
conodonts  Jinogondolella  grand  Zone  below  to  the 
Clarkina  asymetrica  Zone  above,  or  the  ammonoids 
Roadoceras-Doulingoceras  2!one  below  to  the 
Andersonoceras-Protoceras  Zone  above.  The  lower 
boundary  of  the  sequence  coincides  with  the 
Yanghsing  and  Lopingian  supersequence  boundary, 
defined  by  the  first  occurrence  of  the  Clarkina 
postbitteri  Zone.  Additionally,  the  debris-flow 
derived  carbonates  of  the  topmost  Maokou  For¬ 
mation  (Fig.  7),  of  Lcngwuan  age,  form  the 
lowstand  basin  (slope)  floor  fan  of  Sequence  3.1. 
Regionally,  this  sequence  may  be  divided  into  a 
clastic  sequence  consisting  predominantly  of  mixed 
marine  and  terrigenous  deposits  of  the  Lungtan 
Formation  and  a  carbonate  sequence  comprising 
mainly  the  carbonate  rocks  of  the  Wuchiaping 
Formation.  In  brief.  Sequence  3.1,  dominated  by 
deltaic  sediments  or  coal-bearing  beds,  was  accu¬ 
mulated  in  a  low-amplitude  transgressive  mode, 
following  the  prolonged  end-Maokouan  sea-level 
fall. 

Sequence  3.2.  There  was  a  continuous  deposition 
from  the  preceding  sequence,  resulting  in  a  very 
similar  distributional  range  of  Sequence  3.2  to 
that  of  Sequence  3.1.  Lithologically,  Sequence  3.2 
consists  of  sandstones  and  shales  interbedded 
with  coal  seams  of  the  Lungtan  Formation  and 
limestones  of  the  upper  part  of  the  Wuchiaping 
Formation.  Commonly,  this  sequence  corresponds 
approximately  to  the  third  coal  seam  complex  in 
the  Lower  Yangtze  Valley,  and  is  defined  by  the 
conodont  Clarkina  leveni  Zone  and  part  of  the 
C.  orientalis  Zone  and  the  ammonoid  Araxoceras- 
Konglingites  Zone  in  the  Upper  Yangtze  Valley. 

Sequence  3.3.  This  sequence  ranges  from  the 
latest  Wuchiapingian  to  the  Early  Changhsingian 
and  comprises  the  highest  coal  scam  of  the  Lungtan 
Formation,  the  carbonate-dominated  lower  Changh- 


sing  Formation,  and  the  silicalites-dominated  Talung 
Formation.  This  sequence  is  bounded  at  its  base 
by  a  sharp  depositional  break  separating  the  Lung¬ 
tan  Formation  from  the  Changhsing  Formation, 
while  its  top  corresponds  approximately  to  the 
upper  limit  of  the  Lower  member  of  the 
Changhsing  Formation.  The  sequence  represents  a 
large-scale  transgression  succession  consisting  of 
carbonates  and  siliceous  shales. 

Sequence  3.4.  This  is  an  interval  corresponding 
to  the  upper  Changhsingian  stage  and  is  composed 
of  the  limestones  of  the  upper  member  of  the 
Changhsing  Formation  and  the  siliceous  shales  of 
the  Talung  Formation.  Its  basal  boundary  is  repre¬ 
sented  by  a  minor  exposure  surface  in  the  carbonate 
platform  of  the  Dianqiangui  sea,  while  its  upper 
boundary  is  represented  by  a  minor  gap  produced 
by  a  local  regression,  which  is  indistinct  over  most 
areas  of  South  China. 

Sequence  3.5.  Ranging  from  the  latest  Permian 
to  the  Griesbachian  of  the  Early  Triassic,  this 
interval  also  marks  the  first  sequence  of  the 
Triassic.  Its  basal  boundary  is  characterised  by  a 
minor  drop  of  sea-level.  The  youngest  deposits  of 
the  Permian,  represented  by  the  white  clay  bed 
and  the  black  shale,  form  the  condensed  sections 
of  the  LST  of  this  sequence,  while  the  argillaceous 
limestones  containing  the  Permian-Triassic  bound¬ 
ary  comprises  the  TST  and  the  Lower  Triassic 
mixed  marlitcs  and  the  greenish  shales  represent 
the  deposits  of  the  HST.  It  is  noted  that,  in 
contrast  to  many  previous  suggestions,  we  regard 
Sequence  3.5  as  an  extension  of  the  Sequence  3.4 
transgression  event  (Fig.  9),  therefore  implying  that 
there  was  a  prolonged  and  sustained  sea-level  rise 
towards  the  very  end  of  the  Permian  in  South 
China,  while  at  the  same  time  a  similar  scale 
regression  was  taking  place  over  many  areas  of 
the  world. 


PERMIAN  SEA-LEVEL  CHANGES 
OF  SOUTH  CHINA 

Summarising  the  sequences  of  the  main  five 
Permian  sea  basins  of  South  China  (Fig.  10),  the 
representative  lithological  units  of  the  Yangtze  sea 
are  the  Maan  Formation,  Chihsia  and  Maokou  For¬ 
mations  of  the  Yanghsingian,  and  the  Wuchiaping/ 
Lungtan  Formation  and  the  Changhsing  Formation 


Fig.  10.  Generalised  Permian  coastal  onlaps  and  sea-level  change  curves  based  on  data  from  the  main  five  sea 
basins  of  South  China  (for  the  biozones  see  Table  1). 
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of  the  Lopingian.  In  this  basin,  the  Chuanshanian 
deposits  are  missing  over  most  areas  of  this  basin, 
resulting  in  the  Chihsian  strata  overstepping  uncon- 
formably  on  the  Upper  Carboniferous  Huanglung 
Formation.  The  Lopingian-Yanghsingian  boundary 
corresponds  commonly  to  a  large-scale  discon- 
formity,  indicating  a  significant  time  hiatus. 

The  Permian  succession  of  the  Dianqiangui  sea 
basin  is  represented  by,  in  ascending  order,  the 
Chuanshanian  Series  of  mainly  mixed  carbonates 
and  clastic  deposits  (incorporating  the  Shitzitang 
Formation,  Longyin  and  Baomoshan  Formations), 
the  coal-bearing  Yanghsingian  Series  with  carbon¬ 
ates  in  the  upper  part  (including  the  Liangshan, 
Chihsia  and  Maokou  Formations)  and  the  Lopingian 
Series  of  mixed  carbonates  and  clastic  deposits 
(Hsuanwei  and  Liangfengpo  Formations).  The 
massive  Omcishan  Basalts  appear  early  at  the 
horizon  of  the  Yanghsingian-Lopingian  boundary 
in  most  areas  of  this  basin.  This  basin  is 
characterised  by  continuous  deposition  throughout 
the  Early  Permian. 

The  Permian  deposits  of  the  Yuegui  sea  basin 
consist  mainly  of  carbonates  (the  Maping,  Chihsia 
and  Maokou  Formations),  ranging  from  the 
Chuanshanian  to  Yanghsingian,  the  interbedded 
silicalites  and  carbonates  (the  Heshan  and  Talung 
Formations)  of  the  Lopingian,  with  coal  seams 
occurring  locally.  Two  regional  unconformities 
corresponding  respectively  to  the  end-Chuanshanian 
(equivalent  to  end-Artinskian)  and  end-Yangh- 
singian  (equivalent  to  end-Guadalupian)  can  be 
recognised  easily  from  this  depositional  succession. 

The  Permian  Cathaysia  sea  basin  was  filled 
largely  by  shallow  water  carbonates  and  interbedded 
clastic  and  carbonate  deposits  (the  Chuanshan, 
Chihsia,  Wenbishan  and  Tungt/.yan  Formations), 
followed  by  the  Lopingian  Cuipingshan,  Talung/ 
Changhsing  Formations  of  marine  elastics  with  coal 
seams  in  the  lower  and  some  carbonates  appearing 
at  its  top.  In  this  basin,  the  first  important  uncon¬ 
formity  occurs  at  the  boundary  between  the  Chihsia 
and  Chuanshan  Formations,  while  the  second  one 
appears  at  the  level  separating  the  Tangtzyan 
Formation  of  the  Yanghsingian  and  the  Cuipingshan 
Formation  of  the  Lopingian. 

The  Permian  lithological  succession  of  the 
Chiangnan  sea  basin  is  identified  by  Chuanshanian 
shallow  water  carbonates  (Chuanshan,  Liangshan 
and  Chihsia  Formations),  Yanghsingian  carbonates 
grading  into  deep-water  siliceous  shales  with 
localised  coal  seams  (the  Kuhfeng  Formation),  and 
the  Lopingian  coal-bearing  clastic  and  carbonate 
units  (Lungtan  and  Changhsing/Talung  Formations). 
Like  in  other  Permian  sea  basins  of  South  China, 
two  distinct  disconformities  have  been  recognised 


in  the  Chiangnan  sea,  respectively  at  the  top  of 
the  Chuanshan  Formation  and  the  base  of  the 
Lungtan  Formation. 

In  spite  of  the  varied  lithological  features  and 
sequences  across  the  Permian  sea  basins  of  South 
China,  some  similar  coastal  onlaps  and  sea-level 
change  curves  may  be  derived  from  the  sedimentary 
successions  outlined  above  (Fig.  10).  This  includes 
three  long-term,  second-order  sea-level  rising  and 
falling  cycles,  corresponding  respectively  to  the 
Maping,  Yanghsing  and  Loping  supersequences 
described  previously.  Among  the  three  cycles,  only 
the  second  one  is  confined  within  the  Permian  and 
comprises  six  third-order  cycles.  In  comparison,  the 
Permian  only  records  the  regression  segment  of 
the  Maping  supersequence  and  the  transgression 
component  of  the  Loping  superscquencc  (Fig.  10). 
Finer  subdivisions  of  the  sea-level  changes  with 
respect  to  each  sea  basin  arc  also  shown  in 
Fig.  9.  It  is  considered  that  the  generalised  South 
China  Permian  eustacy  curve  (Figs  10,  11)  is  at 
least  indicative  of  the  overall  sea-level  changes 
of  the  Tethys  during  the  Permian. 

At  the  early  stage  of  the  Permian  (equivalent  to 
the  Asselian),  the  South  China  eperic  sea  went 
through  one  and  a  half  third-order  cycles  character¬ 
ised  by  a  slow  long-term  eustatic  fall.  During  this 
time,  the  progradational  and  aggradational  shallow 
water  platform  carbonates  were  accumulated  exten¬ 
sively  in  South  China.  This  large  scale  regression 
also  caused  a  distinctive  disconformity  to  form  at 
the  horizons  between  the  Chuanshanian  and  the 
Chihsian  and,  therefore,  accounts  for  the  lack  of 
upper  Sakmarian  and  Artinskian  deposits  in  most 
areas  of  South  China.  This  suggested  regression 
in  the  early  Early  Permian  is  in  sharp  contrast  to 
a  transgression  event  for  the  same  period  proposed 
by  Ross  &  Ross  (1987,  1988,  1994)  based  on  data 
mainly  from  the  North  American  continental  sea 
and  the  Russian  platform  (Fig.  11). 

During  the  Chihsian-Maokouan  interval  (the 
Yanghsing  supersequence),  South  China  experi¬ 
enced  six  third-order  cycles  (Figs  10,  11).  During 
this  time,  the  sea  water  flooded  most  areas  of 
South  China  and  the  sea-level  rose  to  the  peak  of 
the  transgression  cycle  in  the  Kuhfengian.  These 
third-order  sea-level  change  curves  derived  from 
the  coastal  onlaps  of  the  varied  regions  of  South 
China  are  different  from  those  indicated  from  the 
Russian  and  North  American  platforms  of  Ross 
&  Ross  (1987,  1988,  1994)  (Fig.  11);  meanwhile, 
they  are  also  different  from  the  sea-level  change 
curve  of  the  west  Tethys  proposed  by  Leven  (1993, 
1994)  in  that  the  South  China  eustacy  curve  lacks 
a  prominent  large  scale  regression  between  the 
Chihsian  and  the  Maokouan. 
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Fig.  11.  Pennian  sea-level  change  curves  of  South  China  and  comparison  with  the  interpretation  of  Ross  &  Ross  (1987). 
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At  the  end-Guadalupian,  a  regional  regression 
caused  sea-level  falling  to  the  lowest  of  the 
Palaeozoic  and  a  significant  drain  of  shelves 
around  Pangea  (Chen  et  al.  1996).  This  was  accom¬ 
panied  by  extensive  continental  deposition  at  the 
Dzhulfian-Dorashamian  (Lopingian)  boundary  and 
manifested  evidently  by  a  regional  disconformity 
over  most  areas  of  South  China.  However,  since 
the  Wuchiapingian  a  long-term  transgression  pro¬ 
ceeded  across  South  China  and  seems  to  have 
persisted  to  the  end  of  the  Changhsingian.  This 
observation  of  latest  Permian  eustatic  behaviour 
based  on  data  from  South  China  is  opposite  to 
the  interpretation  of  Ross  &  Ross  (1987,  1988, 
1994),  who,  instead,  suggested  a  slow  but  gradual 
sea-level  drop  (Fig.  11). 

In  conclusion,  in  view  of  the  relative  tectonic 
stability  of  South  China  throughout  the  Permian 
and,  presumably  as  a  consequence,  the  continuous 
marine  deposition  characterised  by  both  carbonate 
and  clastic  sediments,  we  believe  that  the  Permian 
eustatic  curve  derived  from  South  China  is  probably 
closer  to  the  global  eustatic  fluctuation  profile  than 
any  other  regions  of  the  world. 
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Cyclothems  consisting  of  marine  carbonates,  coastal  elastics  and  coal  seams  are  prominent 
in  the  sedimentary  successions  of  the  Late  Carboniferous  through  Early  Permian  of  North 
China.  Each  major  cyclothem  represents  a  shallowing-up  sequence  produced  by  a  relative 
sea-level  change  from  maximal  flooding  to  maximal  flooding,  corresponding  to  the  concept  of 
genetic  stratigraphic  sequence  (Galloway  1989;  Galloway  &  Hobday  1996).  Carbonate  beds, 
immediately  overlying  coal  seams,  formed  as  transgressive  systems  tracts  and/or  highstand 
systems  tracts;  whereas  the  following  elastics  represent  either  prograding  highstand  or  low- 
stand  deposits.  Incised  valleys,  filled  by  estuarine  siliciclastics,  have  been  recognised.  High 
precipitation  and  low  sediment  supply  played  the  most  important  role  in  coal  accumulation. 

Up  to  22  carbonate-coal  cyclothems  have  been  recognised,  probably  reflecting  4th-  to  3rd- 
order  eustatic  cycles  related  to  the  Permo-Carboniferous  glaciation  and  plate  motion.  The 
development  and  distribution  of  these  sequences  in  time  and  space  were  interpreted  in  terms 
of  stacking  pattern  and  basin  architecture. 


SEQUENCES  and  cyclothems  consisting  of  marine 
carbonates,  coastal  elastics  and  coal  seams  are 
widely  distributed  in  the  Late  Palaeozoic  coal¬ 
bearing  strata  of  the  world  and  their  origin 
has  been  long  regarded  as  a  consequence  of 
transgressive-regressive  repetitions  (e.g.  Busch  & 
Rollins  1984;  Liu  1987;  Ross  &  Ross  1988; 
Ferm  &  Weisenfluh  1989;  Riegel  1991).  Facies 
associations  and  stratigraphic  patterns  of  such 
carbonate-coal  cyclothems  may  reflect  the 
behaviour  and  the  range  of  the  shoreline  migration 
caused  by  relative  sea-level  fluctuations  (e.g. 
Gibling  &  Bird  1994;  Li  1994;  Galloway  1989; 
van  Wagoner  et  al.  1990;  Vail  et  al.  1991).  The 
Permo-Carboniferous  was  a  special  period  when 
the  Gondwana  and  Angara  continents  were  partly 
covered  by  ice  sheets  and  Pangea  came  into  being 
as  a  result  of  rapid  plate  movements/sea  floor 
spreading.  Both  tectonic  and  glacial  custasy  may 
have  affected  the  cyclic  sedimentation  of  basins  on 
different  continents. 

North  China  was  an  isolated  continental  plate 
or  block  within  the  Palaeo-Tethys  during  the  Late 
Palaeozoic  (e.g.  Wang  1981;  1985;  Yang  et  al. 
1986;  Sengor  1987;  Metcalfe  1996),  over  which  a 
cratonic  basin  developed  from  Late  Carboniferous 
to  Late  Permian  (Liu  1990).  Due  to  the  extensive 
coal  deposits,  natural  gas  and  other  mineral 


resources,  detailed  geological  mapping  and  explor¬ 
ation  with  thousands  of  boreholes  have  been  com¬ 
pleted  in  North  China,  which  provide  us  with 
detailed  data  and  information.  Research  on  the 
Carboniferous  and  Permian  stratigraphy  and  sedi- 
mentology  of  North  China  also  has  been  carried 
out  in  different  level  and  scales  (e.g.  Wuhan 
Geological  College  1981;  Liu  1984;  Yang  1987; 
Liu  1990;  Henan  Coal  Geological  Bureau  1991; 
Cheng  1992;  Chen  &  Wu  1993;  Liu  et  al.  1995; 
Shang  1997).  Although  transgressive  and  regressive 
trends,  indicated  by  cyclic  coal-bearing  deposits 
of  this  basin,  have  been  long  recognised,  their 
implication  for  sea-level  changes  and  application 
to  inter-regional  stratigraphic  correlation  and  basin 
analysis  is  at  an  initial  stage. 

The  purpose  of  this  paper  is  to  describe  the 
sedimentary  and  stratal  features  of  the  cyclic  lime¬ 
stones,  elastics  and  coals  of  the  Late  Carboniferous 
through  Early  Permian  of  North  China,  and  to 
discuss  their  facies  architecture  and  stratigraphic 
patterns  as  well  as  their  implications  for  relative 
sea-level  fluctuation.  The  results  presented  here  is 
a  part  of  the  outcome  of  our  research  project  of 
the  Permo-Carboniferous  sedimentation,  palaeont¬ 
ology  and  palaeoclimate  of  the  North  China  Basin, 
which  is  supported  by  German  Research  Foundation 
(DFG). 
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Fig.  1.  Simplified  map  showing 
tectonic  division  of  China.  The 
boundaries  between  thses  tectonic 
units  are  geosuture  zones  or  large 
tectonic  fractures. 
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GENERAL  GEOLOGY  AND  STRATIGRAPHY 

During  the  Late  Palaeozoic,  North  China  and  Korea 
was  an  isolated  continental  block  or  plate,  the  so- 
called  Sino-Korea  Platform  in  China,  located  in 
the  lower  north  latitudes  within  the  Palaeo-Tcthys 
(Wang  1981,  1985;  Zhang  ct  al.  1984;  Scngor 
1987),  e.g.  Yuxian  of  Henan  at  11°2'N  in  Early 
Permian  (Zhou  et  al.  1996).  It  was  separated  by 
oceanic  basins  from  the  South  China  block  in  the 
south  and  from  the  Mongolian  plate  in  the  north 
(Fig.  1).  The  southern  ocean,  which  is  represented 
by  the  Qinling-Dabic  suture,  began  to  close  in  the 
east  during  the  Late  Permian  and  somewhat  later 
in  the  west  (Wang  et  al.  1982;  Sengor  1987;  Ma 
1991;  Nie  et  al.  1994).  The  Mongol-Okhotsk  ocean, 
recorded  by  the  Tianshan-Yinshan  suture  zone, 
between  North  China  and  Mongolian  plate  began 
to  be  narrowed  at  the  western  termination  of  the 
suture  in  the  Kerulen  Ranges  during  the  Late 
Carboniferous  and  Early  Permian;  and  the  North 
China-Korea  continent  was  entirely  amalgamated 
with  Eurasia  sometime  later  (Klimctz  1983;  Rowley 
et  al.  1985;  Nie  et  al.  1990;  Wang  &  Fan  1997). 
The  North  China-Korea  continent  was  fractured  in 
the  eastern  part  by  the  Tan-Lu  strike-slip  system, 
which  developed  at  the  end  of  the  Early  Cretaceous 
and  resulted  in  a  left-lateral  displacement  up  to 
700  km  (Xu  1993;  Yin  &  Nie  1993;  and  many 
others). 

Our  study  area  includes  the  main  portion  of 
this  palaeocontinent,  e.g.  North  China  west  to 
the  Tan-Lu  strike  system.  This  area  covers  over 
2.0  M  km2.  Carboniferous  and  Permian  strata  are 
widespread  in  North  China  and  rich  in  coal  deposits 
(Fig.  2).  The  underlying  strata  are  marine  lime¬ 
stones  of  the  Middle  to  Early  Ordovician  in  most 
areas  of  the  basin,  but  are  carbonates  of  Late  to 
Middle  Cambrian  in  the  southeastern  area.  The 
overlying  Triassic  strata  consist  of  non-marine,  red- 
colored,  sandstone-dominated  terrigenous  elastics, 
which  show  continuously  depositional  relationship 
to  the  Upper  Permian,  Sedimentary  succession 
of  the  Permo-Carboniferous  began  with  allitic 
deposits  of  the  Upper  Carboniferous,  which 
represent  palacosol-dominated  deposits  resulted 
from  a  long  erosion  period  (over  150  Myr)  since 
the  Middle  Ordovician.  The  following  Permian 
deposits  are  dominated  by  shallow  marine 
carbonates  and  shore  zone  fine-grained  elastics  in 
the  lower  part  and  by  deltaic  and  fluvial  to  alluvial 
coal-bearing  elastics  in  the  upper  part,  reflecting 
epicontinental  conditions. 

As  a  result  of  lateral  changes  in  lithofacies,  flora 
and  fauna  assemblages,  several  distinct  stratigraphic 
subdivisions  of  the  Permo-Carboniferous  strata  have 


been  proposed  in  North  China  (e.g.  Yang  &  Han 
1979;  Chen  &  Wu  1993;  Sheng  &  Jin  1994;  Jin 
et  al.  1997;  Shang  1997;  Menning  &  Jin,  in  press). 
According  to  a  widely  accepted  subdivision  (Sheng 
&  Jin  1994;  Jin  et  al.  1997;  Shang  1997;  Menning 
&  Jin,  in  press),  the  lithological  formations  of 
North  China  include,  from  bottom  to  top: 

(a)  the  Penchi  Formation,  corresponding  to 
Gzhelian  (Upper  Carboniferous); 

(b)  the  Taiyuan  Formation,  corresponding  to 
Asselian-Sakmarian  (Lower  Permian); 

(c)  the  Shansi  Formation,  corresponding  to 
Artinskian-Kungurian  (Lower  Permian); 

(d)  the  Lower  Shihhotsc  Formation,  corre¬ 
sponding  to  Kungurian-Wordian  (Lower 
to  Middle  Permian); 

(e)  the  Upper  Shihhotsc  Formation,  corre¬ 
sponding  to  Capitanian-Wuchiapingian 
(Middle  to  Upper  Permian);  and 

(0  the  Shihchienfeng  Formation,  corresponding 
to  Changhsingian  (Upper  Permian). 

Vertically,  the  Penchi  Formation,  Taiyuan  For¬ 
mation  and  the  lower  part  of  the  Shansi  Formations 
are  dominated  by  cyclic  shallow-marine  carbonates, 
coastal  siliciclastics  and  coal  seams.  The  Lower 
Shihhotse,  Upper  Shihhotse  and  Shihchienfeng  For¬ 
mations  arc  characterised  by  deltaic,  fluvial  and 
alluvial  mudstones  and  sandstones.  Laterally,  biotic 
assemblages  and  lithological  associations  of  these 
formations  change  substantially  from  south  to  north 
(Table  1),  indicating  lateral  variations  of  the  sedi¬ 
mentary  facies  and  palaeogeography. 


LITHOLOGICAL  ASSOCIATIONS  AND  THEIR 
STRATIGRAPHIC  PATTERN 

The  Penchi  Formation 

The  lithologies  of  the  Penchi  Formation  are  com¬ 
posed  of  allite-dominated  deposits  in  the  lower  part 
and  alternating  elastics,  coals  and  shallow  marine 
carbonates  in  the  middle  and  upper  parts  (Fig.  3, 
cross-section  A-A').  Its  thickness  ranges  from  less 
than  10  m  along  the  margin  of  the  basin  up  to 
160  m  at  the  depocentre  in  the  northeast  (Fig.  3, 
thickness  map).  The  allitic  deposits  in  the  lower 
part  are  characterised  by  massive,  siderite-  and 
pyrite-rich  bauxite  and  mudstones,  locally  with  thin 
beds  of  conglomaritic  sandstones  and  bioclastic 
limestones.  They  may  have  been  derived  from 
erosional  relics  of  the  basement  and  older  tropical 


372  GUANGHUA  LIU,  WERNER  RICKEN,  VOLKER  MOSBRUGGER  AND  JURGEN  KULLMANN 


palaeosol  (scquioxides)  sediments  (e.g.  Retallack 
1990;  Liu  1990).  The  intercalated  bioclastic  lime¬ 
stones  indicate  temporary  marine  transgressions. 
The  middle  and  upper  parts  of  the  formation  are 
dominated  by  limestones  and  fine-grained  elastics 
with  coal  seams.  Carbonate  units,  ranging  from 
2  to  8  beds,  tend  to  increase  northeastward.  The 
thicker  limestones  mainly  occur  roughly  coincident 
with  the  40  m  contour  in  Fig.  3.  Normally,  the 
younger  limestone  beds  are  more  extensive  and 
thicker  than  the  older  ones,  displaying  landward 
stepping  pattern  on  the  cross-section  (Fig.  3).  The 
age  of  the  basement  of  the  basin  is  older  in  the 
southern  margin  (Cambrian)  than  in  the  northern 
depocentre  (Middle  Ordovician;  i.e.  Yang  1987; 
Chen  &  Wu  1993). 

Lithological  distribution  and  stratigraphic  step¬ 
ping  pattern  of  the  Penchi  Formation  indicate  that 
the  onset  of  marine  deposition  in  the  North  China 
basin  began  in  the  northeastern  margin,  sub¬ 


sequently  shifted  into  the  continental  interior.  T*1® 
overall  shallow-water  deposits  with  a  stna 
thickness  and  shallow-water  marine  fossils  (se® 
below)  suggest  that  the  basin  is  characteristic  ol 
epicontinental  type.  The  northeastward  increase  >n 
marine  carbonates  strongly  implies  that  the  baslIJ 
was  open  to  the  northeast  where  a  deeper  marg'na 
sea  may  have  existed.  The  lack  of  thick,  coarse' 
grained  elastics  indicates  relatively  tcrrigeOoUS 
sediment-starved  conditions  that  may  in  turn  refleC' 
a  low-relief  topography  between  the  basin  ^ 
provenance  areas. 


The  Taiyuan  Formation 

The  thickness  of  the  Taiyuan  formation  rangeS 
from  less  than  20  m  to  about  130  m  (Fig.  4,  thick' 
ness  map).  Compared  with  the  Penchi  Formati°n’ 
the  Taiyuan  Formation  shows  a  wider  extent  with 


AGE 

LITHOLOGICAL 

ASSOCIATION 

BIOTA 

(FORMATION) 

N.  REGION 

S.  REGION 

assemblage 

Early 

Lower 

Shihhots  Fm 

(278-267  Ma) 

grey  to  purple  shale, 
sandstone  ,  siltstone, 
and  thin  coal 

275-1110  m 

black  to  grey  shale, 
siltstone,  sandstone 
with  thick  coal 

165-340  m 

Emplectopteris 
triangularis- 
Taeniopteris  spp,- 
Cathaysiopteris  white ‘ 

Permian 

Shansi  Fm 

(286-278  Ma) 

black  to  grey  shale 
siltstone,  sandstone, 
with  thick  coal 

32-210  m 

black  to  grey  shale, 
siltstones,  &  thick 
coal  with  sandstone 
&  limestone 

50-110  m 

Emplectopteris 
triangularis- 
Taeniopteris  spp.- 
Emplectopteridium 
alatum 

(Cisuralian) 

Taiyuan  Fm 

(296-286  Ma) 

grey  shale,  coal  and 
limestone  with  thin- 
bedded  sandstone 
and  siltstone 

30-140  m 

limestone,  shale  and 
silstone  with  coal 
&  sandstone  lens 

48-80  m 

upper: 

Pseudoschwagerina 

lower: 

Triticites  zone 

Late 

Carboniferous 

(Xiadushanian) 

Penchi  Fm 

(?-296  Ma) 

limestone,  shale  & 
bauxite  with  quartz 
sandstone,  siltstone 
&  coal  seams 

12-270  m 

bauxite,  Fe-rich 
siltstone  &  shale 
with  sandstone  and 
coal 

0-170  m 

upper: 

Fusulina-Fusulinella 

lower: 

Eostaffella  subsolana 

Middle 

Ordovician 

bioclastici  limest. 

locally  Cambrian 

Table  1.  Stratigraphic  subdivision  and  lithological  association  of  the  Late  Carboniferous  and  Early  Permian  of 
the  North  China  Basin  (chronological  data  based  on  Jin  et  al.  1997;  Menning  &  Jin,  in  press). 
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marine  deposits  in  the  southeastern  areas.  However, 
(he  non-depositional  area  in  the  north  seems  to 
be  enlarged  too.  The  deposits  of  this  formation  are 
characterised  by  cyclic  elastics,  thin  coals  and  lime¬ 
stones  in  most  areas.  Marine  carbonates  decrease 
northward,  in  both  quantity  and  thickness,  and 
passed  into  elastics  in  front  of  the  northern  margin 
(Fig-  4).  Volcanic  tuffs  up  to  6  layers  widely  occur 
in  the  northern  and  central  parts  of  the  basin, 
mainly  in  Jungar,  Datong,  Taiyuan,  Bcijing-Tianjin 
areas,  and  occasionally  in  Henan  and  Shandong 
areas,  showing  a  southward  decreasing  trend  (e.g. 


Cheng  1992;  Chen  &  Wu  1993;  Ma  et  al.  1993; 
Zhong  et  al.  1995).  Palaeocurrent  measurements 
from  the  cross-bedding  of  major  sandstones  formed 
in  channels  reveal  a  southward  to  southeastward 
prevailing  drainage  system  (Yang  1987;  Li  et  al. 
1988;  Chen  &  Wu  1993).  According  to  detailed 
correlation,  the  lower  part  of  the  Taiyuan  Formation 
and  the  Penchi  Formation  are  missing  in  the  areas 
south  to  the  line  linking  Zhengzhou  and  Xuzhou, 
where  the  middle  part  of  the  Taiyuan  Formation 
directly  rests  on  the  unconformity  of  the  Cambrian 
erosional  surface  (Yang  et  al.  1985). 


Ordovician  basement 


limestone 


]  sandstone 


Fe-  &  Al-rich 
mudstone 


siltstone 
&  shale 


Fig  3.  Contour  map  illustrating  the  thickness  distribution  of  the  Penchi  Formation  in  North  China  (upper  diagram), 
and  a  regional  cross-section  (A-A')  showing  lithological  associations  of  the  Penchi  Formation  and  their  stacking 
patterns  (lower  diagram). 
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The  lithofacies  associations,  volcanic  tuff  distri¬ 
bution,  palaeocurrent  pattern  and  southward  shifting 
of  the  northern  margin  indicate  that  the  palaeoslope 
of  the  basin  was  converted  from  northeast-tilt 
during  the  Late  Carboniferous  to  southeast-lilt 
during  this  period.  The  event  of  the  basin-slope 
conversion  can  be  regarded  to  have  taken  place 
before  the  deposition  of  the  earliest  marine  deposits 
(i.e.  the  limestone  LI)  over  the  erosional  surface 
of  the  Cambrian  basement  in  the  extreme  southern 


area,  i.e.  the  earliest  Permian.  The  cause  of  thjs 
conversion  may  be  related  to  the  initial  upljftjng 
of  the  northern  margin  in  response  to  the  onset  0f 
the  subduction  of  the  Mongolian  ocean  beneath  the 
North  China-Korea  Plate.  This  interpretation  is  a]s0 
supported  by  the  occurrence  and  distribution  of  the 
volcanic  ash  layers  which  point  to  the  existence 
of  a  volcanic  arc  along  the  northern  margin.  ffow. 
ever,  the  subtle  changes  in  both  thickness  and  facies 
suggest  that  the  interior  of  the  basin  was  tectonic- 
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Fig.  4.  Contour  map  illustrating  the  thickness  distribution  of  the  Taiyuan  Formation  in  North  China  (upper  diagram), 
and  a  regional  cross-section  (B-B')  showing  lithological  associations  of  the  Taiyuan  Formation  and  their  stacking 
patterns  (lower  diagram). 


PERMO-CARBONIFEROUS  CARBONATE-COAL  SEQUENCES  AND  THEIR  STACKING  PATTERNS  375 


ally  stable.  The  widely  distributed  limestones 
L2,  L5  and  L6  (cf.  Fig.  8)  may  represent  the  most 
prominent  transgressions  during  this  period.  The 
landward  stepping  of  the  carbonates  in  the  lowest 
part  of  this  formation  is  the  continuity  of  the 
southward  coast-onlapping  of  the  Penchi  Formation 
and  occurred  before  the  conversion  of  the  slope 
direction  of  the  basin. 

The  Shansi  Formation 

The  Shansi  Formation  is  between  30  to  100  m 


thick  in  most  areas  (Fig.  5,  thickness  map).  The 
zone  of  non-deposition  increases  slightly  at  the 
northern  margin.  Deposits  of  this  formation  are 
dominated  by  terrigenous  elastics  and  coal  seams 
in  the  central  and  northern  areas.  Marine  deposits 
mainly  formed  in  the  southern  basin.  Thicker 
sandstones,  up  to  40  m  thick  in  the  north,  pinch 
out  in  the  southern  area  and  pass  gradually  into 
three  limestone  units,  which  decrease  in  extent  and 
thickness  upward,  displaying  a  pattern  of  basinward 
stepping  of  non-marine  elastics  (Fig.  5,  cross- 
section). 
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Fig.  5.  Contour  map  illustrating  the  thickness  distribution  of  the  Shansi  Formation  in  North  China  (upper  diagram), 
and  a  regional  cross-section  (C-C')  showing  lithological  association  of  the  Shansi  Formation  and  their  stacking 
patterns  (lower  diagram). 
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Stacking  pattern  of  the  deposits  in  this  formation 
suggests  that  regressions  took  place  after  a  phase 
of  sedimentary  aggradation.  The  basinward  stepping 
of  the  clastic  deposits  indicates  terrigenous  sedi¬ 
ments  supply  significantly  increased  upwards.  This 
may  reflect  the  acceleration  in  uplifting  of  the 
northern  sources  area,  likely  to  be  in  response  to 
the  continuous  subduction  of  the  ocean  between 
North  China  and  Mongolia. 


FACIES  ARCHITECTURE  AND 
DEPOSITIONAL  SYSTEMS 

Sedimentary  facies  and  systems  in  the  North 
China  Basin  may  include:  (a)  shallow-sea  carbonate 
setting;  (b)  tidal-dominatcd  coasts;  and  (c)  fluvial- 
delta  systems.  Because  the  fluvial-delta  systems  are 
not  the  main  focus  of  this  paper,  its  details  will 
not  be  discussed  here. 

Shallow-water  carbonates 

Limestones  of  the  Penchi,  Taiyuan  and  Shansi  For¬ 
mations  are  characterised  by  containing  abundant, 
diverse  and  shallow-water  marine  faunas,  including 
more  than  800  species  of  fusulinids,  230  species 
of  brachiopods,  95  species  of  ostracods,  65  species 
of  corals  and  some  gastropods,  cephalopods  as  well 
as  others  based  on  our  statistics  (Liu  ct  al.  1995). 
Petrographically,  two  categories  of  carbonates, 
matrix-supported  type  and  grain-supported  type,  can 
be  identified.  The  former,  represented  by  wacke- 
stone  and  mudstone  or  micrite,  consists  of  thin  to 
medium  bedded  marlstones  and  limestones,  and  dis¬ 
plays  horizontal  to  wavy  lamination  and  bioturbated 
structures.  They  are  normally  associated  with  coals, 
siltstones  and  dark  shales  which  are  rich  in 
fusulinids  and  brachiopods.  Abundant  trace  fossils, 
mainly  horizontal  burrows,  occur  in  both  the 
limestones  and  the  clastic  intercalations.  In  cross- 
sections  these  limestones  display  lenticular  shape 
and  interfinger  with  laminated  siltstones,  shales  and 
coals.  This  type  is  predominant  in  the  Pcnchi  and 
Taiyuan  Formations  of  the  northern  areas. 

The  grain-supported  limestones  are  characterised 
by  medium  to  thick  bedded  bioclastic  grainstones 
and  packstones.  Skeletal  grains  range  from  c.  30% 
to  over  60%.  The  faunas  are  rich  and  diverse, 
representing  a  bioecological  setting  with  a  normal 
salinity  and  shallow-water  depth.  Cross-bedding, 
wavy  lamination  and  bioturbation  appear  frequently 
in  most  sections.  Some  peat-rip  clasts  can  be  seen 
in  the  limestones  developed  on  the  coal  seams. 
Vertically,  they  pass  upwards  into  fme-grained 
elastics  or  the  matrix-supported  carbonate. 


These  characteristic  features  indicate  that  the 
fine-grained  carbonates  represent  a  restricted  marine 
setting,  such  as  a  lagoon  or  a  bay,  whereas  the 
grain-supported  carbonate  formed  in  an  open, 
shallow-water  setting,  mostly  as  an  off-shore 
carbonate  ramp.  Storm  deposits,  ranging  from 
proximal  to  distal  types,  have  been  frequently 
recognised  within  the  open  sea  carbonates  (Liu 
1987;  Cheng  1992;  Chen  &  Wu  1993).  This  is 
because  North  China  was  located  in  low  latitudes 
during  the  Late  Carboniferous  and  Early  Permian, 
where  hurricanes  often  took  place.  Based  on 
detailed  facies  analyses  on  carbonates,  the  water- 
depth  of  the  North  China  basin  in  the  study  area 
was  less  than  40  m,  dominantly  over  the  storm 
wave  base,  and  the  gradient  of  the  sea  floor  may 
be  between  0.01°  and  0.02°  (Yang  et  al.  1985; 
Liu  1987;  Cheng  1992;  Chen  &  Wu  1993;  Li  1994; 
Chen  &  Liu  1995). 

Tide-dominated  clastic  systems 

The  majority  of  the  terrigenous  deposits  in  the 
southern  and  central  areas  have  been  interpreted 
to  have  formed  in  tidal-dominated  systems,  includ¬ 
ing  estuaries,  tidal  flats,  barrier  islands,  lagoons, 
bays  and  peat  swamps.  Tidal  flats  are  indicated 
by  thinly  interbedded  siltstones  and  shales  with 
lenticular  and  flaser  bedding,  mud  drapes,  and 
alternating  ripple  lamination  showing  two  major 
current  directions.  They  arc  frequently  incised  by 
the  cross-bedded  sandstones  interpreted  as  tidal 
channels  and  creaks.  The  tidal  deposits  pass  down- 
section  into  subtidal  shales  and/or  marls  and  up- 
section  into  supratidal  rooted  mudstones  and  coal 
beds.  The  most  economic  coals  were  formed  over 
the  abandoned  tidal  flats  or  coastal  plain  (Yang 
et  al.  1985;  Cheng  1992). 

The  tidal  channels  arc  mainly  represented  by 
cross-bedded  quartzosc  sandstones  that  show  fining- 
upward  trend  in  grain  size.  Sedimentary  structures 
within  a  tidal  channel  sequence  are  characterised 
by  erosional  base  with  lags,  and  various  types 
of  cross-bedding  ranging  from  large-scale  tabular, 
trough  and  herringbone  stratification  to  epsilon 
cross-bedding.  The  sandstones  formed  in  the  tidal 
channels  display  meandering  geometry  with 
variable  thickness  up  to  over  20  m.  Normally, 
tidal  channels  are  associated  with  tidal  flats  and 
tidal  sandridges  to  form  infills  of  incised  estuarine 
valleys  which  occur  often  in  the  Taiyuan  Formation. 

As  an  example,  an  amalgamated  incised  valley, 
ranging  from  3  km  to  tens  of  km  wide  in  cross- 
section  (Fig.  6),  has  been  mapped  in  the  Taiyuan 
Formation  of  the  Xinggong  coalfield,  western 
Henan  Province,  based  on  about  90  boreholes 
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name  of  the  limestones;  S5  through  S10  are  codes  of  stratigraphic  sequences. 
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Fig.  7.  A-B,  Type  sequences  of  the  carbonate-coal  cycles  of  the  Taiyuan  Formation  of  Shanxi  and  Henan, 
showing  their  facies  architecture  and  interpretation  in  terms  of  Galloway's  model  and  Exxon’s  model  of  sequence 
stratigraphy,  respectively.  HST,  highstand  systems  tract;  TST,  transgressive  systems  tract;  LST,  lowstand  systems 
tract;  SB,  sequence  boundary;  MFS,  maximum  flooding  surface — boundary  of  the  genetic  stratigraphic  sequence 
(gen.  str.  seq.).  Note  the  differences  of  sequence  boundaries  between  the  two  models.  C,  Cartoons  illustrating  the 
allocyclic  origin  of  a  carbonate/coal  cyclothem  in  terms  of  sea-level  changes  (see  text  for  discussion). 


PERMO-CARBONIFEROUS  CARBONATE-COAL  SEQUENCES  AND  THEIR  STACKING  PATTERNS  379 


and  some  outcrops  (Li  et  al.  1988;  pers.  observ.). 
It  is  represented  by  multiple  sandbodies  between 
the  limestone  L2  and  L5,  namely  the  Hushi  Sand¬ 
stone,  which  consists  of  medium-  to  fine-grained, 
bimodal  cross-bedded  quartz  sandstones  up  to 
50  m  thick.  The  valley  fills  incised  into  the  under¬ 
lying  marine  carbonates  up  to  30  m  deep,  display¬ 
ing  a  high-sinuous  channel  systems  in  the  thickness 
map  (Fig.  6).  Their  cross-bedding  indicates  ebb 
flow-dominated  palacocurrent  patterns.  The  sedi¬ 
mentary  features  and  facies  context  suggest  that 
this  unit  represents  a  typical  estuarine  system. 


HIGHER  FREQUENCY  CARBONATE/ 
COAL  CYCLES 

Description.  Most  sections  in  the  central  and 
southern  parts  of  the  basin  show  regular  stacking 
of  carbonate/coal  cycles.  The  cycles  begin  with  a 
carbonate  bed  up  to  5  m  thick  that  normally  lies 
over  a  coal  seam,  and  gradually  passes  upward 
into  elastics  ranging  in  lithology  from  coarse¬ 
grained  or  fine-grained  sandstones  to  siltstoncs  and 
shales,  and  terminates  with  a  coal  seam  or  rooted 
layer  (see  sequences  in  Figs  6a-c,  7A,  B).  An 
individual  cycle  from  base  of  the  limestone  to 
top  of  the  coal  bed  are  between  1  and  40  m  in 
thickness,  on  average  4  to  20  m  in  the  central 
basin.  In  the  Taiyuan  and  Shansi  Formations,  the 
thickness  ratio  of  carbonate  to  elastics  plus  coals 
tends  to  decrease  northward  from  >1  to  <0.1. 
Unlike  carbonates,  the  coal  seams  remarkably 
increase  northward  in  thickness  from  <0.1  m  to 
over  10  m.  For  instance.  Coal  Seam  8,  underlying 
the  Limestone  K1  in  the  Taiyuan  area,  is  5  to 
14  m  thick,  but  its  equivalent  coal  in  Yuxian  and 
Huainan  is  only  0.1  to  0.8  m  thick.  In  the  extreme 
south,  the  coal  bed  sometime  changes  into  coally 
shale  or  pinches  out.  Clashes  vary  from  interbedded 
siltstones  and  shales  to  incised  coarse-grained  sand¬ 
stones.  Proportion  of  sandstones  tends  to  increase 
northward  in  the  Taiyuan  and  Shansi  Formations. 
Smaller  cycles,  possibly  autocycles,  without  signi¬ 
ficant  limestone  beds,  occur  occasionally  (Fig.  7A). 
In  the  Pcnchi  Formation,  up  to  9  cycles  have  been 
observed.  In  the  Taiyuan  Formation,  10  carbonate- 
coal  cycles  occur  in  the  southern  areas  (seaward), 
but  in  the  Datong  area  (landward)  most  of  them 
are  replaced  by  clastic  cycles  (3b).  In  total,  22 
cycles  have  been  identified  from  these  three 
formations  (Fig.  8). 

Interpretation.  Carbonate-coal  cycles  represent  a 
typical  shallowing-up  sequence  from  open  marine 
facies  passing  through  restricted  marine  and 


intertidal  flats  to  peat  swamp  or  supratidal  soil. 
Each  cycle  records  a  seaward  shift  and  retreat  of 
the  shoreline.  The  locally-developed,  small-scale 
cycles  may  represent  autocyclic  processes,  such  as 
shoreline  progradation,  whereas  the  large-scale 
cycles,  observed  basinwide,  may  have  formed  in 
response  to  relative  sea-level  change,  representing 
allocycles.  Except  a  few  locally  distributed  cycles, 
almost  all  cycles  in  our  study  area  are  produced 
by  allocyclic  processes,  because:  (1)  coal  seams 
and  limestones  in  most  major  cycles  are  wide¬ 
spread  and  can  be  traced  over  a  large  area  up  to 
3000  km2;  (2)  the  North  China  basin  showed  a 
flatly  sloping  floor,  thus,  a  slight  sea-level  change 
enabled  an  occurrence  of  large-scale  transgression 
and  retrogression;  (3)  the  Late  Carboniferous  and 
Early  Permian  is  characterised  by  rapid  trans¬ 
gressive-regressive  events  and  fluctuations  of 
glacio-eustasy  (e.g.  Ross  &  Ross  1988;  Vccser 
&  Powell  1987);  (4)  the  average  duration  of  a 
major  cycle  here  was  estimated  to  be  about  2  Ma, 
coincident  with  the  3rd  order  global  sea-level  cycles 
(Van  Wagoner  1990;  Vail  et  al.  1991)  and  similar 
to  the  Permo-Carboniferous  eustalic  cycles  of  other 
cratonic  shelves  (Ross  &  Ross  1988).  Moreover, 
similar  carbonate-coal  cycles  are  also  widely  distri¬ 
buted  in  the  Late  Carboniferous  coal-bearing  strata 
of  the  northern  Appalachian  Basin,  North  America 
(e.g.  Busch  &  Rollins  1984;  Ferm  &  Weisenfluh 
1989;  Ross  &  Ross  1994),  and  in  the  Late 
Carboniferous  of  the  Sydney  Basin,  Nova  Scotia 
(Gibling  &  Bird  1994). 

Our  interpretation  of  depositional  mechanisms  of 
these  cycles  is  illustrated  in  Fig.  7C.  During  sea- 
level  highstand,  biogenetic  carbonate  was  widely 
produced  in  an  open  marine  setting  and  limited 
elastics  were  restricted  to  the  shallow  sea  along 
the  shoreline.  Simultaneously,  high  groundwater 
table,  high  precipitation  and  low  terrigenous  supply 
promoted  the  development  of  extensive  peat 
swamps,  likely  raised  peatland,  on  the  coastal  plain 
(Fig.  7Ca).  The  continuous  deposition  resulted  in 
a  seaward  prograding  sequence  composed  of  a 
lower  unit  of  the  open  sea  carbonates,  a  middle 
unit  of  the  shoreline  elastics,  and  an  upper  unit  of 
the  supratidal  coal  (Fig.  7A).  On  the  other  hand, 
autocycles  were  generated  by  changing  in  sources 
of  clastic  supply  (i.c.  delta  or  estuary)  and  local 
subsidence. 

The  subsequent  sea-level  fall  caused  large-scale 
regression,  in  which  fluvial  incisions  were  formed 
in  the  peatland  and  shoreface.  During  the  sea-level 
lowstand  and  early  transgression,  incised  valleys 
may  be  filled  by  estuarine  elastics  and  peat  beds. 
Extensive  peat  swamps  mainly  fed  by  rainfall  con¬ 
tinued  to  develop  on  the  coastal  plain  (Fig.  7Cb). 
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Fig.  8.  Generalised  illustration  showing  the  coastal  onlap  patterns  and  relative  sea-level  cycles  of  the  North  China 
Basin  during  Late  Carboniferous  to  Early  Permian  and  the  Ross  &  Ross  global  sea-level  curve.  Chronological  data 
on  the  left  are  based  on  Jin  et  al.  (1997)  and  Menning  &  Jin  (in  press)  and  the  lithological  column  showing 
positions  of  the  index  beds  is  not  to  scale. 
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Another  sea-level  rise  would  result  in  the 
generation  of  a  new  cycle  with  open  sea  carbonate 
(Fig.  7Cc).  The  extremely  low  gradient  of  this 
epicontinental  basin  allowed  the  shoreline  to  shift 
landward  up  to  over  1000  km  even  during  a 
slight  sea-level  rise.  Because  of  the  wave-resisted 
structure  of  swamp  landward  and  carbonate  biohers 
seaward,  the  cohesiveness  of  peat  itself,  the  small 
water  depth  and  the  gentle  sea-floor,  most  peat 
blankets  have  survived  from  the  submarine  erosion 
during  the  transgression.  High  compaction  rate  of 
the  peat  (up  to  90%)  may  also  have  accelerated 
more  accommodation  for  carbonate  sedimentation. 


SEQUENCE  STRATIGRAPHY  AND 
RELATIVE  SEA-LEVEL  FLUCTUATION 

Sequence  stratigraphy 

Generally,  each  major  carbonate-coal  cyclothem 
in  the  study  area  represents  a  3rd-order  sea- 
level  sequence  (c.g.  SI  to  SI 3  in  Figs  3-6).  The 
number  of  carbonate-coal  sequences  changes  from 
13  sequences  in  the  depocentrc  to  <5  sequences 
in  the  margin  of  the  basin,  because  some  of 
them  were  either  replaced  by  clastic  cycles  or 
not  developed  along  the  basin  margin  as  a 
result  of  non-deposition.  In  the  Penchi  Formation, 
4.5  carbonate/coal  sequences  consisting  of  9  higher 
frequency  cycles  developed  in  the  basin  centre,  but 
only  one  or  two  formed  in  the  marginal  areas.  The 
Taiyuan  Formation  is  made  up  of  10  high  frequency 
cycles  and  five  to  six  major  sequences  that  can 
be  traced  basinwide.  In  the  Shansi  Formation,  three 
sequences  containing  carbonate  deposits  have  been 
recognised.  As  these  sequences  were  deposited 
in  a  shallow  epicontinental  basin,  the  following 
patterns  differ  from  those  formed  on  the  continental 
shelf. 

(a)  Sequence  boundary.  According  to  the  Exxon 
model,  sequences  are  normally  bounded  by  uncon¬ 
formities  as  shown  in  Fig.  7B.  However,  basinwide 
unconformities  in  North  China  were  only  identified 
at  the  base  of  the  oldest  sequences,  i.e.  the  crosional 
surface  of  the  basement  of  the  basin.  Although 
subaerial  exposure  zones  (i.e.  palaeosol  and  rooted 
horizons)  and  truncation  surface  of  incised  valleys, 
such  as  the  base  of  the  Hushi  Sandstone  shown 
in  Fig.  6  and  in  Fig.  7C,  can  be  traced  in  large 
areas,  they  are  not  basinwide.  Thus,  it  is  much 
easier  to  use  the  major  coal  seams  and  carbonate 
beds  to  make  regional  sequence  stratigraphic  cor¬ 
relation.  Because  the  base  of  the  major  limestones 


and/or  the  top  surface  of  its  underlying  coal  seam 
normally  is  very  close  to  the  maximum  flooding 
surface  (MFS)  in  areas  near  to  shoreline  and  coasts 
(which  is  different  to  the  shelf  carbonate  that  has 
a  MFS  in  the  middle  part),  it  may  be  more  suitable 
for  us  to  take  the  maximum  flooding  surface  as  a 
sequence  boundary  (Fig.  7A),  as  Galloway  (1989) 
and  Galloway  &  Hobday  (1996)  proposed  in  their 
model  of  genetic  stratigraphic  sequences.  In  this 
case,  the  major  carbonate-coal  cyclothem  is  also  a 
genetic  stratigraphic  sequence,  which  should  be 
more  efficiently  applied  to  perform  high-resolution 
correlation  of  time  and  facies,  as  similar  approach 
was  also  recommended  by  Hamilton  &  Tadros 
(1994)  and  Gibling  &  Bird  (1994). 

(b)  Systems  tracts.  In  the  North  China  Basin 
the  highstand  systems  tracts  (HST),  consisting  of 
shallow  sea  carbonates  and  coastal  elastics,  is  the 
most  predominant  unit  of  the  sequences  (Fig.  7A; 
it  was  strongly  truncated  in  Fig.  7B).  They  may 
include  two  or  more  parasequcnces,  in  response  to 
the  autocyclic  process  of  the  coastal  progradation 
(e.g.  two  parasequences  in  Fig.  7A).  The  lowstand 
systems  tracts  (LST),  mainly  made  up  of  lag 
deposits  of  fluvial  channels  in  the  landward  area 
and  of  siliciclastics  of  eusturine  incised  valleys 
in  the  seaward  area  (Figs  6,  7B);  the  latter  were 
only  locally  developed  in  the  Taiyuan  and  Shansi 
Formation  of  the  southern  basin.  The  poor  develop¬ 
ment  of  LST  may  be  also  related  to  the  insufficient 
supply  of  terrigenous  sediments  as  a  result  of  the 
low  relief  and  highly  vegetated  topography,  besides 
the  lower  sea-level  stand.  The  transgressive  systems 
tracts  (TST)  are  often  represented  by  reworked 
sandstones  within  the  estuarine  valleys  and  thin 
marine  mudstones  and  limestones  in  the  other 
areas.  They  are  usually  difficult  to  be  distinguished 
from  the  immediately  overlying  deposits  of  the 
highstand  systems  tracts  (HST),  because  of  their 
limited  thickness  and  similar  lithology  to  the  HST 
(Fig.  7A). 

(c)  Coal  deposition.  Thick  and  extensive  coal 
scams,  frequently  lying  immediately  under  marine 
carbonates,  occur  not  only  within  HST  and  LST, 
but  also  associated  with  TST.  This  probably  sug¬ 
gests  that  the  coal  accumulation  and  preservation 
probably  were,  to  some  degree,  independent  of  the 
sea-level  change.  It  is  now  generally  accepted  that 
significant  coal  deposits  must  have  originated  in 
the  areas  well  removed  from  active  clastic  sedi¬ 
mentation,  either  in  raised  peatland  or  low-lying 
swamp  free  from  sediment  supply  (e.g.  McCabe 
1984;  Diessel  1993).  Modem  large-scale  raised 
peatland  is  developed  in  coastal  plain  and  deltaic 
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plain  of  the  wet  tropics  where  daily  conventional 
rains  are  prevalent,  such  as  in  the  Malaysian  and 
Indonesian  coasts  (Staub  et  al.  1991;  Supardi 
et  al.  1993).  Low  sediment  supply  and/or  high 
precipitation  should  be  also  a  requirement  for  the 
formation  of  significant  Carboniferous  and  Early 
Permian  coals.  During  this  time,  North  China  was 
situated  in  the  low  north  latitude  and  characterised 
by  the  moist  tropic  climate  (Yang  et  al.  1985; 
Scotese  1986;  Liu  1990),  which  may  have  been 
the  most  favourable  condition  for  extensive  accu¬ 
mulation  of  peat.  During  the  sea-level  highstand, 
both  high  groundwater  table  and  conditions  of  low- 
lying  coastal  plain  may  have  promoted  the  develop¬ 
ment  of  both  low-lying  and  raised  peatmires 
(Fig.  7Ca).  During  the  lowstand,  conditions  for  rain 
water-fed  raised  swamps  remained  favourable  and 
limited  elastics  mainly  confined  within  the  channels 
or  greatly  bypassed  into  sea  (Fig.  7Cb).  However, 
ground  water- fed  swamps  could  not  be  widely 
developed  in  this  time.  During  the  transgressive 
period,  the  peat-forming  zone  gradually  shifted 
landward  and  wooden  relics  and  the  cohesiveness 
of  the  peat  strongly  resisted  the  transgressive 
erosions.  High  degree  of  compaction  rate  of  the 
inundated  peat  led  to  rapid  subsidence  and 
preservation  of  themselves  under  marine  deposits 
(Fig.  7Cc). 


Relative  sea-level  fluctuation 

Curves  of  coastal  onlap  and  relative  sea-level 
change  indicate  that  up  to  24  coastal  onlap  cycles 
which  combined  to  form  four  2nd-order  relative 
sea-level  cycles,  developed  during  the  Late  Carbon¬ 
iferous  to  Early  Permian  of  the  North  China  Basin 
(Fig.  8).  The  mean  duration  of  each  coastal  onlap 
cycle  is  approximately  1.6  Myr,  representing  a 
4th  to  3rd  sea-level  cycle  (Van  Wagoner  et  al. 
1990;  Vail  et  al.  1991).  This  is  very  similar  to  the 
average  duration  of  Late  Palaeozoic  transgressive- 
regressive  cycles  of  other  cratonic  basins  (Ross  & 
Ross  1988).  During  the  Late  Carboniferous,  the 
shoreline  shifting  ranges  from  about  100  km  up 
to  about  800  km  in  E-W  direction,  normally 
between  200  and  600  km.  The  range  of  coastal 
onlap  during  earliest  Permian  is  in  the  order  of 
nearly  300  km  to  a  maximum  2000  km,  between 
Huainan  and  Datong  in  a  NNW-SSE  direction. 
The  difference  in  transgressive  onlap  between  the 
Late  Carboniferous  and  the  Early  Permian  seems 
to  be  related  to  a  change  in  the  basin-floor  gradient. 
Thickness  and  facies  (Fig.  3)  indicate  that  the 
Penchi  Formation  formed  in  a  generally  northcast¬ 
dipping  basin  with  a  relatively  high  gradient  up 


to  1°  and  a  higher  basin-floor  relief  resulting  from 
a  long  erosion  period  since  the  Middle  Ordovician. 
After  the  filling  of  the  Penchi  Formation,  the  basin 
floor  became  much  flatter,  sloping  between  0.01° 
and  0.02°. 

The  facies  and  faunal  characteristics  of  the 
marine  deposits  indicate  that  the  amplitude  of 
relative  sea-level  fluctuation  ranges  from  0  to 
40  m  in  the  study  area,  showing  the  nature  of 
a  shallow  marine  basin.  As  reflected  by  the  four 
2rd-order  sea-level  cycles,  the  relative  sea-level 
reached  four  maximum  flooding  positions  possibly 
at  about  305  Ma,  310  Ma,  292  Ma  and  289  Ma, 
respectively  (Fig.  8).  In  North  China  the  radiometric 
ages  of  the  strata  are  chiefly  based  on  the 
correlation  with  South  China  and  the  stratigraphic 
boundaries  of  the  Permian  formations  are  normally 
determined  by  lithologies,  therefore,  the  radiometric 
time  scale  shown  on  Fig.  8  is  somewhat  uncertain 
and  an  exact  comparison  of  the  relative  sea-level 
curve  of  North  China  with  the  possible  eustatic 
curve  proposed  by  Ross  &  Ross  (1988)  can  not 
be  made  yet.  However,  the  general  patterns  of  the 
coastal  onlap  and  sea-level  curves  of  North  China 
arc,  more  or  less,  similar  to  the  Ross  &  Ross’ 
curve  which  is  mainly  based  on  the  data  from  the 
North  American  and  Russian  continents.  This  may 
suggest  that  relative  sea-level  change  in  North 
China  might  be  largely  controlled  by  eustatic 
processes.  As  the  Late  Carboniferous  and  Early 
Permian  was  a  time  of  both  rapid-plate  motion 
(formation  of  Pangea)  and  widespread  glaciation 
(in  Gondwana  and  Angara),  the  mechanism  for 
these  higher  frequency  eustasy  can  be  regarded  as 
the  combination  of  the  global  plate  tectonics  and 
climatic  fluctuations. 


ACKNOWLEDGEMENTS 

We  wish  to  express  our  thanks  to  the  German 
Research  Foundation  (DFG)  for  its  financial 
support.  Geological  information  and  data  were 
kindly  provided  by  several  Chinese  institutions 
and  industries,  including  China  University  of  Geo¬ 
sciences  (Beijing),  China  Geological  Information 
Centre,  China  Administration  of  Coal  Geology  and 
Exploration,  Henan  Provincial  Bureau  of  Coal 
Geology  and  Exploration,  Shaanxi  Provincial 
Bureau  of  Coal  Geology  and  Exploration,  and 
Shanxi  Provincial  Bureau  of  Coal  Geology  and 
Exploration,  which  are  gratefully  acknowledged. 


PERMO-CARBONIFEROUS  CARBONATE-COAL  SEQUENCES  AND  THEIR  STACKING  PATTERNS  383 


REFERENCES 

BUSCH,  R.  M.  &  ROLLINS,  H.  B„  1984.  Correlation 
of  Carboniferous  strata  using  a  hierarchy  of 
transgressive-regressive  units.  Geology  12:  471— 
474. 

Chen,  S.  &  Ltu,  H„  1995.  Sea-level  changes  in  North 
China  during  the  Late  Palaeozoic.  Sedimentary 
Facies  and  Palaeogeography  15(5):  14-21.  (In 
Chinese.) 

Chen,  Z.  &  Wu,  F„  1993.  The  depasilional  environ¬ 
ments  and  coal-accumulating  regularities  of  Lite 
Palaeozoic  coal-hearing  measures  in  North  China. 
Press  of  China  University  of  Geosciences,  Beijing, 
153  pp.  (In  Chinese.) 

Cheng,  B„  1992.  Ixite  Palaeozoic  sedimentary  environ¬ 
ments  and  coal  accumulation  in  Shanxi,  China. 
Shanxi  Science  and  Technology  Press,  Taiyuan, 
253  pp.  (In  Chinese.) 

DIESSEL,  C.  F.  K.,  1993.  Coal-bearing  depositional 
systems.  Springer- Verlag,  Berlin,  721  pp. 

Ferm,  J.  C.  &  Weisenh.uh,  G.  A.,  1989.  Evolution  of 
some  depositional  models  in  Late  Carboniferous 
rocks  of  the  Appalachian  coal  fields.  In  Peat  and 
coal;  origin,  facies  and  depositional  models,  P.  C. 
Lyons  &  B.  Alpem,  eds.  International  Journal  of 
Coal  Geology  12:  259-292. 

Galloway,  W.  E„  1989.  Genetic  stratigraphic  sequences 
in  basin  analysis  I:  architecture  and  genesis  of 
flooding  surface  bounded  depositional  units.  AAPG 
Bulletin  73:  125-142. 

Galloway,  W.  E.,  1996.  Terrigenous  clastic  depositional 
systems:  applications  for  fossil  fuel  and  ground- 
water  resources.  Springer-Verlag,  Berlin,  Heidel¬ 
berg  and  New  York,  489  pp. 

Gibling,  M.  R.  &  Bird,  D.  J„  1994.  Late  Carboniferous 
cyclothems  and  alluvial  palaeovalleys  in  the 
Sydney  Basin,  Nova  Scotia.  Bulletin  of  Geological 
Society  of  America  106:  105-117. 

Hamilton,  D.  S.  &  Tadros,  N.  Z„  1994.  Utility  of  coal 
seams  as  genetic  stratigraphic  sequence  boundaries 
in  nonmarine  basins;  an  example  from  the 
Gunnedah  Basin,  Australia.  AAPG  Bulletin  78(2): 
267-286. 

Henan  Coal  Geological  Bureau,  1991.  The  Late 
Palaeozoic  coal-accumulating  laws  in  Henan 
Province.  China  University  of  Geosciences  Press, 
Beijing,  14  pp.  (In  Chinese.) 

Jin,  Y„  Wardlaw,  B.  R„  Glenister,  B.  F.  &  Kotlyar, 
G.  V.,  1997.  Permian  chronostratigraphic  sub¬ 
divisions.  Episodes  20(1):  10-15. 

Klimetz,  M.  P„  1983.  Speculation  on  Mesozoic  plate 
tectonic  evolution  of  easlcm  China.  Tectonics  9: 
139-166. 

Li,  Z.,  1994.  Sequence  stratigraphic  analysis  in  coal¬ 
forming  inlracontinental  marine  basin.  Advance  in 
Earth  Sciences  9(6):  65-69.  (In  Chinese.) 

Li,  B.,  Liu,  G.,  Li,  Z.  &  Fu,  Z.,  1988.  The  types  and 
characteristics  of  tidal  channel  deposits  in  Western 
Henan  Province.  Acta  Sedimentologica  Sinica  6(2): 
31-41.  (In  Chinese.) 

Liu,  G.,  1984.  Sedimentary  environments  and  coal 


accumulation  characteristics  of  the  6th  and  7th 
coal  members  of  the  Upper  Shihhotse  Formation 
of  Yuxian,  North  China.  Geological  Review  30(5): 
446-455.  (In  Chinese.) 

Liu,  G.,  1987.  Features  and  types  of  Late  Carboniferous 
tempestites  of  Dafengkou  areas,  Yuxian,  Western 
Henan.  Geological  Review  33(3):  249-257.  (In 
Chinese.) 

Liu,  G.,  1990.  Permo-Carboniferous  palaeogeography  and 
coal  accumulation  and  their  tectonic  control  in 
Ihc  North  and  South  China  continental  plates. 
International  Journal  of  Coal  Geology  16:  73- 
117. 

Liu,  G.,  Ricken,  W„  Mosbrugger,  V.  &  Kullmann,  J„ 
1995.  Geookosystem  und  Sedimenldr-Fazielle 
Entwicklung  im  Permokanbon  Chinas.  Institul 
und  Museum  fur  Geologic  und  Palaontologic, 
Universitat  Tuebingen,  Tubingen,  79  pp. 

McCabe,  P.  J.,  1984.  Depositional  environments  of  coal 
and  coal-bearing  strata.  In  Sedimentology  of  coal 
and  coal-bearing  sequences ,  R.  A.  Rahmani  & 
R.  M.  Flores,  eds.  International  Association  of 
Sedimentology,  Special  Publication  7:  13^42. 

Ma,  J.,  Song,  X.  &  Wei,  B.,  1993.  The  discovery  and 
geological  significance  of  the  volcanic  event  seams 
in  Qinshui  coalfield  of  Shanxi  Province.  Journal 
of  Shanxi  Mining  Institute  11(1):  40-45.  (In 
Chinese.) 

Ma,  W„  1991.  The  Carboniferous  at  the  northern  foot 
of  the  Dabie  Mountains  and  its  tectonic 
implication.  Acta  Geologica  Sinica  65:  17-26.  (In 
Chinese.) 

Metcalpe,  l„  1996.  Gondwanaland  dispersion.  Asian 
accretion  and  evolution  of  Eastern  Tcthys. 
Australia  Journal  of  Earth  Sciences  43(6):  605- 
623. 

Menning,  M.  &  Jin,  Y.  G„  1998.  Comment  on  ‘Permo- 
Triassic  magnetostratigraphy  in  China:  the  Type 
section  near  Taiyuan,  Shanxi  Province,  North 
China’,  by  B.  J.  J.  Emblcton,  M.  W.  McElhinny, 
X.  H.  Ma,  Z.  K.  Zhang  &  Z.  X.  Li.  Geophys 
Journal  International.  (In  press.) 

Nie,  S„  Rowley,  D.  B.  &  Ziegler,  A.  M.,  1990.  Con¬ 
strains  on  the  locations  of  Asian  microcontinents 
in  Palaco-Tethys  during  the  Laic  Palaeozoic.  In 
Palaeozoic  palaeogeography  and  biogeography, 
W.  S.  Mckerrow  &  C.  R.  Scotesc,  eds.  Memoir 
of  Geological  Society  (London)  12:  397-408. 

Nie,  S.,  Rowley,  D.  B„  Courtillot,  V.  &  9  others. 
1994.  Palaeomagnetic  constraints  on  the  geo¬ 
dynamic  history  of  the  major  blocks  of  China 
from  the  Permian  to  present;  discussion  and  reply. 
Journal  of  Geophysical  Research,  B,  Solid  Earth 
and  Planets  99(9):  18035-18048. 

Retallack,  G.  J.,  1990.  Soils  of  the  past:  An  intro¬ 
duction  to  Palaeopedology.  Unwin  Hyman,  Boston, 
520  pp. 

Riegel,  W„  1991.  Coal  cyclothems  and  some  model  for 
Ihcir  origin.  In  Cycles  and  events  in  stratigraphy, 
G.  Einsele,  W.  Ricken  &  A.  Seilacher,  eds, 
Springer-Verlag,  Berlin  and  Heidelberg,  733- 
750. 


384  GUANGHUA  LIU,  WERNER  RICKEN,  VOLKER  MOSBRUGGER  AND  JURGEN  KULLMANN 


Ross,  C.  A.  &  Ross,  J.  R.  P„  1988.  Late  Palaeozoic 
transgressive-regressive  deposits.  In  Sea-level 
changes — An  integrated  approach,  C.  Wilgus, 
B.  Hastings,  C.  Ross,  H.  Posamentier,  J.  van 
Wagoner  &  C.  G.  St  C.  Kendall,  eds,  SEPM 
Special  Publication  42:  227-247. 

Ross,  C.  A.  &  Ross,  J,  R.  P,  1994.  Permian  sequence 
stratigraphy  and  fossil  zonation.  In  Pangea:  Global 
environments  and  resources,  B.  Beauchamp, 
A.  Embry  &  D.  Glass,  eds,  Canadian  Society 
of  Petroleum  Geologist,  Memoir  17:  219-231. 

Rowley,  D.  B„  Ramond,  A.,  Parrish,  J.  T.,  Lottes, 
A.  L„  Scotese,  C.  R.  &  Ziegler,  A.  M.,  1985. 
Carboniferous  palaeogeographic,  phytogeographic 
and  palaeoclimatic  reconstruction.  International 
Journal  of  Coal  Geology  5:  7-42. 

Scotese,  C.  R.,  1986.  Phanerozoic  reconstruction:  A 
new  look  at  the  assembly  of  Asia.  Institute  of 
Geophysics,  University  of  Texas,  Technical  Report 
66:  54  pp. 

SengOr,  A.  M.  C.,  1987.  Tectonic  subdivisions  and 
evolution  of  Asia.  Bulletin  of  Istanbul  Technical 
University  40:  355-435. 

Shang.  G.,  1997.  Late  Palaeozoic  coal  geology  of  North 
China  Platform.  Shanxi  Science  &  Technology 
Press,  Taiyuan,  405  pp.  (In  Chinese.) 

Sheng,  J.  &  Jin,  Y,  1994.  Correlation  of  Penman  deposits 
in  China.  Palaeoworld  4:  14—113. 

Staub,  J.  R.,  Esterle,  J.  S.  &  Raymond,  A.  L.,  1991. 
Comparative  geomorphic  analysis  of  central 
Appalachian  coal  beds  and  Malaysian  peat 
deposits.  Bulletin  de  la  Societe  Geologique  de 
France,  Huitieme  Serie  162(2):  339-351. 

Supardi,  Subekty,  A.  D.  &  Neuzil,  S.  G„  1993.  General 
geology  and  peat  resources  of  the  Siak  Kanan  and 
Bengkalis  Island  peat  deposits,  Sumatra,  Indonesia. 
In  Modern  and  ancient  coal-forming  environments, 
J.  C.  Cobb  &  C.  B.  Cecil,  eds.  Geological  Society 
of  America,  Special  Paper  286:  45-61. 

Vail,  P.  R„  Audemard,  F.,  Bowmann,  S.  A.,  Eisner, 
P.  N.  &  Perez-Cruz,  G.,  1991.  The  stratigraphic 
signatures  of  tectonics,  eustasy  and  sedimentation: 
an  overview.  In  Cycles  and  events  in  stratigraphy, 
G.  Einsele,  W.  Ricken  &  A.  Seilacher,  eds, 
Springer-Verlag,  Heidelberg  and  New  York,  617— 
659. 

van  Wagoner,  J.  C.,  Mitchum,  R.  M.,  Campion,  K.  M. 
&  Raiimanian,  V.  D.,  1990.  Siliciclastic  sequence 
stratigraphy  in  well  logs,  core  and  outcrop:  con¬ 
cepts  for  high-resolution  correlation  of  time  and 
facies.  AAPG  Methods  in  Exploration  Series  7: 
55  pp. 

Veevers,  J.  J.  &  Powell,  M.,  1987.  Late  Palaeozoic 
glacial  episodes  in  Gondwanaland  reflected  in 
transgressive-regressive  depositional  sequences  in 
Euramerica.  Bulletin  of  Geological  Society  of 
America  98:  475-487. 


Wang,  H.,  1981.  Geotectonic  units  of  China  from  the 
viewpoint  of  mobilism.  Earth  Sciences — Journal 
of  Wuhan  Geological  College  1 :  42-74.  (In 
Chinese.) 

Wang,  H.,  1985.  Atlas  of  the  palaeogeography  of 
China.  Cartographic  Publishing  House,  Beijing, 
85  pp.  (In  Chinese  and  English.) 

Wang,  H„  Xu,  C.  &  Zhou,  Z.,  1982.  Tectonic  develop¬ 
ment  of  the  continental  margin  on  both  sides  of 
the  Qinling  marine  realm.  Acta  Geologica  Sinica 
56:  270-280.  (In  Chinese.) 

Wang,  Y.  &  Fan,  Z.,  1997.  Discovery  of  Permian 
radiolarians  in  ophiolite  belt  on  northern  side  of 
Xar  Moron  River,  Nei  Mongol  and  its  geological 
significance.  Acta  Palaeontologica  Sinica  36(1): 
58-69.  (In  Chinese.) 

Wuhan  Geological  College,  1981.  Coal  Geology,  Vol. 
1.  Geological  Publishing  House,  Beijing,  280  pp. 
(In  Chinese.) 

Xu,  J„  1993.  The  Tancheng-Lujiang  Wrench  Fault  System. 
John  Wiley  &  Sons  Ltd,  Chichester,  279  pp. 

Yang,  Q.,  1987.  Late  Carboniferous  stratigraphy  in 
Yuxian.  In  Depositional  Environments  and  coal¬ 
forming  characteristics  of  Late  Palaeozoic  coal 
measures  in  Yuxian,  Henan  Province,  Q.  Yang, 
ed..  Geological  Publishing  House,  Beijing,  6-10. 
(In  Chinese.) 

Yang,  Q.  &  Han,  D„  1979.  Coal  Geology  of  China. 
Coal  Industrial  Press,  Beijing,  261  pp.  (In 
Chinese.) 

Yang,  Q.,  Li,  B.  &  Ll,  Z„  1985.  The  depositional  model 
and  coal-forming  characteristics  of  the  Late 
Palaeozoic  coal  measures  in  Yuxian,  Henan. 
Dixieme  Congress  International  de  Stratigraphie 
et  de  Geologic  du  Carbonifere,  Madrid  3:  255- 
268. 

Yang,  Z.,  Cheng,  Y.  &  Wang,  H„  1986.  The  geology 
of  China.  Clarendon  Press,  Oxford,  303  pp. 

Yin,  A.  &  Nie,  S.,  1993.  An  indentation  model  for 
the  north  and  south  China  collision  and  the 
development  of  the  Tan-Lu  and  Honam  fault 
systems,  eastern  Asia.  Tectonics  12(4):  801— 
813, 

Zhang,  Z.  M.,  Liu,  J.  G.  &  Coleman,  R.  G.,  1984.  An 
outline  of  plate  tectonics  of  China.  Bulletin  of 
Geological  Society  of  America  95:  296-312. 

Zhong,  R„  Sun,  S„  Chen.  F.  &  Fu,  Z.,  1995.  The 
discovery  of  rhyo-tuffite  in  the  Taiyuan  Formation 
and  stratigraphic  correlation  of  the  Daqingshan  and 
Datong  Coalfields.  Acta  Geoscience  Sinica  3:  291- 
299.  (In  Chinese.) 

Zhou,  H.,  Yang,  G.  &  Sheng,  A.,  1996.  Palaeomagnetic 
study  of  Permian  strata  at  Yuzhou-Dafengkou 
section,  Henan.  Acta  Geologica  Sinica  9(4):  356- 
365.  (In  Chinese.) 


EVOLUTION  OF  THE  PERMIAN  AND  TRIASSIC  REEF  ECOSYSTEMS 

IN  SOUTH  CHINA 


Tong  Jinnan1,  G.  R.  Shi2  &  Lin  Qixiang1 

'Faculty  of  Earth  Sciences,  China  University  of  Geosciences,  Wuhan  430074, 

People’s  Republic  of  China 

2School  of  Ecology  and  Environment,  Deakin  University,  Rusden  Campus, 

Clayton,  Victoria  3168,  Australia 

Tong  Jinnan,  Shi,  G.  R.  &  Lin  Qixiang,  1998:11:30.  Evolution  of  the  Permian  and  Triassic 
reef  ecosystems  in  South  China.  Proceedings  of  the  Royal  Society  of  Victoria  110(1/2): 
385-399.  ISSN  0035-9211. 

This  paper  reviews  the  spatio-temporal  distributions  of  Pennian-Triassic  reefs  of  South 
China.  We  have  recognised  two  Permian  reef-building  cycles,  corresponding  respectively  to 
the  Maokouan  and  the  Changhsingian.  Both  cycles  went  through  a  similar  process  of 
scttlcment-diversification-destruction.  In  comparison,  the  Changhsingian  reef  ecosystems  appear 
to  have  evolved  faster  and  reached  a  wider  palaeogeographical  distribution  than  the  Maokouan 
reef  ecosystems.  The  onset  of  the  two  Permian  reef-building  cycles  appears  comparable 
respectively  with,  and  thus  presumably  related  to,  the  cnd-Maokouan  and  end-Changhsingian 
mass  extinctions.  The  Early  Triassic  is  an  epoch  of  eclipse  in  reef  construction,  interpreted  to 
be  a  direct  consequence  of  the  end-Permian  mass  extinction  which  may  have  eliminated  all 
of  the  major  extant  Permian  reef-building  organisms.  However,  algae  as  the  reef  binders  seem 
to  have  survived  the  extinction  crisis  and  persisted  well  into  the  Triassic.  Succeeding  the 
Permian-Triassic  extinction  events,  reef  ecosystems  did  not  return  to  South  China  until  the 
Middle  Triassic  when  binding  organisms  such  as  algae  played  a  major  role  in  reef  building 
rather  than  frame-builders. 


AS  THE  biggest  Phanerozoic  mass  extinction 
event,  the  biotic  crisis  at  the  Permian-Triassic 
transition  has  long  been  a  topic  of  debate.  Although 
our  knowledge  about  this  dramatic  transition  is 
primarily  derived  from  the  biotic  changeover,  the 
cause  of  this  great  event  must  be  eventually 
imputed  to  extraordinary  shifts  of  some  inorganic 
environments.  Reef  refers  to  an  ecosystem  com¬ 
posed  of  organisms  and  their  inorganic  surround¬ 
ings,  hence  a  natural  connection  between  organisms 
and  environments.  The  evolution  of  the  reef 
ecosystems  through  the  Permian-Triassic  will  aid 
in  the  understanding  of  the  great  Palaeozoic- 
Mesozoic  transition. 

Owing  to  the  world-wide  regression  during  the 
Late  Permian,  marine  deposition  at  the  Permian- 
Triassic  boundary  was  largely  confined  to  low- 
lying  continents  in  the  eastern  Tethys.  In  this 
regard.  South  China  is  of  particular  note.  Here, 
extensive  reefs  were  developed  during  the  Changh¬ 
singian  while  most  other  areas  of  the  world  were 
being  eroded  or  receiving  no  deposition.  Therefore, 
a  study  of  Permian  reefs  from  South  China  would 
provide  some  additional  data  to  the  understanding 
of  the  end-Pcrmian  extinction  process  and  timing. 

In  this  paper,  the  term  ‘reef’  is  used  in  its 
broadest  sense,  referring  to  both  ecological  reefs 


of  Dunham  (1970)  and  thick,  stratigraphically 
restricted,  shelf  carbonate  buildups  as  defined  by 
Heckel  (1974)  (see  Fig.  1).  The  Permian  timescale 
adopted  in  this  paper  is  that  of  Jin  et  al.  (1997), 
but  where  appropriate  and  necessary  the  regional 
Chinese  scale  of  Sheng  &  Jin  (1994)  is  also  referred 
to.  A  correlation  between  the  new  global  scale  and 
the  regional  Chinese  scale  is  shown  in  Fig.  1. 


DISTRIBUTION  OF  PERMIAN  REEFS 
IN  SOUTH  CHINA 

A  notable  feature  concerning  the  Permian  of  South 
China  is  its  apparent  lack  of  any  Early  Permian 
reef  structures  despite  the  fact  that  contemporary 
reefs  were  widely  developed  in  the  Urals  and  parts 
of  Europe  (Chuvashov  1983).  On  the  other  hand, 
pelloid  and  oolitic  limestones  of  the  Chuanshan 
Formation  and  equivalents  (early  and  middle 
Cisuralian)  were  widespread  in  South  China.  It 
seems  that  the  lack  of  appropriate  palaeogeo¬ 
graphical  settings  and  carbonate  buildups  propitious 
to  the  settlement  and  growth  of  reef-builders  were 
among  the  key  contributing  factors  to  the  absence 
of  Early  Permian  reefs  in  South  China. 
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During  the  Middle  Permian  (Guadalupian)  and 
Late  Permian  (Lopingian),  two  distinct  reef-building 
phases  can  be  recognised  in  South  China,  both 
have  characteristic  reef  structures,  facies  variation 
and  regional  palaeogeographical  distribution. 

Most  reefs  of  the  first  phase  were  constructed 
in  the  middle  and  late  Maokouan  on  carbonate 
buildups,  located  mostly  at  the  edges  of  carbonate 


platforms  tectonically  formed  during  that  time. 
These  reefs  were  formed  mainly  through  the 
frame-building  sponges  bound  by  algal  binders. 
A  good  example  of  these  sponge-built  and  algae- 
bound  reefs  is  seen  in  the  Nanpanjiang  area  at 
the  juncture  of  Guangxi,  Yunnan  and  Guizhou 
Provinces  (Fig.  2:  Iocs  1-20).  Here,  the  reef 
ecosystems  can  be  seen  to  have  been  developed 


Fig.  1.  Permian  and  Triassic  reef  successions  in  South  China.  The  Permian  timescale  for  South  China  is  from 
Sheng  &  Jin  (1994),  with  correlation  with  the  newly  proposed  international  scheme  of  Jin  et  al.  (1997). 


Fig.  2.  Distribution  of  major  Middle  Permian  Maokouan  reef  outcrops  in  South  China  and  associated  palaeo¬ 
geographical  settings.  Palaeogeographical  settings:  B,  bank;  Bb,  balhyal  basin;  Db,  deep-water  basin;  Df,  delta 
front;  Dp.  delta  plain;  Ip,  isolated  platform;  01.  old  land;  Op,  open  platform;  Pe,  platform  edge;  Pfs,  platform-front 
slope;  Rp,  restricted  platform;  Tf-Lg,  tidal  flat-lagoon.  Reef  outcrops:  I.  Azc,  Kaiyuan  and  Laozhai,  Mongzi, 
Yunnan;  2.  Funing  and  Xichou,  Yunnan;  3.  Dongnameng,  Babao  and  Ake,  Guangnan,  Yunnan;  4.  Wenliu,  Qiubei, 
Yunnan;  5.  Xiongwu,  Xingyi,  Guizhou;  6.  Xilin,  Guangxi:  Dangxiong-Longhuo-Pingan-Dc’c-yanla;  7.  Longlin, 
Guangxi:  Xiangbo-Kefeng;  8.  Banjie.  Ceheng.  Guizhou;  9.  Laizishan,  Ceheng,  Guizhou:  Yangping-Weiruo;  10. 
Baiceng,  Zhcnfeng,  Guizhou;  11.  Ziyun,  Guizhou:  Ziyundong,  Qincaiyuan,  Guanyinshan,  and  Baiyan;  12.  Houchang, 
Ziyun,  Guizhou;  13.  Pingrao.  Wangmo.  Guizhou:  14.  Houchang,  Luodian,  Guizhou:  Shachang  and  Kemajing;  15. 
Mangchang,  Nandan,  Guangxi;  16.  Leye,  Guangxi:  Leye-Gantian-Langping;  17.  Lingyun,  Guangxi:  Jiayou-Guaneang- 
Lingzhan-Shali-Luolou;  18.  Tiane  and  Donglan,  Guangxi;  19.  Bama,  Guangxi;  20.  Haicheng,  Tiandong,  Taiping, 
Pingguo  and  Bangping,  Wuming,  Guangxi;  21.  Ttngliang,  Ningming,  Guangxi;  22.  Heliu,  Linshui,  Sichuan;  23. 
Zhongming,  Tongling,  Anhui;  24.  Tonglu,  Zhejiang:  Lengwu-Jintanbu. 
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on  the  earlier  (Chihsian  and  lower  Maokouan) 
carbonate  buildup  banks  genetically  related  to  the 
Nanpanjiang  Depression,  which  formed  the 
basement  of  the  reef  systems  (Fig.  4).  The  joint 
evolution  of  syndepositional  carbonate  buildups 
and  the  reef-builders  brought  about  the  diversi¬ 
fication  of  the  Maokouan  reef  ecosystems  and 
the  differentiation  of  reef  facies.  Outside  the 
Nanpanjiang  area,  the  association  of  reef-building 
sponges  with  low  carbonate  buildup  banks  also 
resulted  in  some  embryonic  forms  of  ecological 
reefs  or  bioherms  although  mature  reef  ecosystems 
were  not  finally  formed.  Such  sponge  bioherms  or 
carbonate  buildups  have  been  reported  from  Tonglu 
of  Zhejiang  Province  (Yang  et  al.  1995)  (Fig.  2: 
loc.  24),  Zhongming  in  Tongling  of  Anhui  Province 
in  the  Lower  Yangtze  region  (Fig.  2:  loc.  23)  and 
a  recently  discovered  sponge  bioherm  at  Heliu  in 
Linshui  County  of  Sichuan  Province  in  the  Upper 
Yangtze  region  (Fig.  2:  loc.  22).  In  these  areas, 
the  reef  complexes  are  capped  by  the  Late  Permian 
Wuchiapingian  coal  measures,  marking  the  end  of 
the  reef-building  cycle. 

The  second  major  phase  of  reef-building  in 
South  China  occurred  in  the  Changhsingian  and 
climaxed  at  the  middle  and  late  Changhsingian. 
The  palaeogeographical  distribution  of  the  reef 
ecosystems  in  this  phase  was  wider  than  the 
preceding  (Maokouan)  phase.  Besides  successive 
development  on  the  buildups  formed  from  the 
Maokouan  reefs  at  the  juncture  of  Guangxi,  Yunnan 
and  Guizhou  in  southwest  China,  the  Changhsingian 
reef  ecosystems  notably  expanded  northward  and 
advanced  on  many  new  carbonate  buildups  as  a 
consequence  of  the  Changhsingian  transgression 


(Fig.  3).  The  carbonate  buildup  banks  as  the 
basement  of  the  Changhsingian  reefs  were  formed 
largely  in  the  early  Changhsingian  and  the  develop¬ 
ment  of  the  reef  ecosystems  generally  did  not 
commence  until  the  middle  Changhsingian  (Fig.  4) 
Thus,  it  is  clear  that  the  Changhsingian  reef¬ 
building  cycle  took  a  significantly  shorter  time  in 
building  its  basement  of  carbonate  banks  than  the 
Maokouan  cycle  (Fig.  4). 

Most  of  the  Changhsingian  reefs  arc  sponge  reefs 
but  a  coral  reef  has  also  been  reported  from  Cili 
in  Hunan  Province  (Yang  &  Li  1995;  Liu  1996) 
(Fig.  3:  loc.  24).  In  some  areas  such  as  Zhenan 
of  Shanxi  Province  (Zhang  &  Zhang  1992)  and 
Wuxi  of  Jiangsu  Province  (Wang  et  al.  1994)  where 
potential  reef-building  calcisponges  or  carbonate 
buildups  favourable  to  the  formation  of  reefs  were 
present,  no  true  ecological  reefs  have  been  found 
apart  from  some  biotic  banks.  This  is  probably 
owing  to  unfavourable  tectonic  conditions  to  main¬ 
tain  the  further  development  of  carbonate  buildups, 
and/or  to  the  absence  of  algal  binders. 

The  timing  of  the  demise  of  the  Changhsingian 
reef  ecosystems  in  relation  to  the  widely  perceived 
end-Permian  extinction  is  also  of  note.  In  South 
China,  at  all  Changhsingian  reef  sections  we  have 
observed  several  decimetres  to  metres  of  strata 
without  reefs  between  the  reef  cores  and  the  top 
of  the  Changhsingian,  implying  that  the  destruction 
of  the  reef  ecosystems  was  earlier  than  the 
biotic  mass  extinction  event  at  the  end  of  the 
Changhsingian  (Fig.  5). 

In  between  the  two  major  reef-building  phases 
outlined  above,  a  widespread  regression  took 
place  across  most  areas  of  South  China  during  the 


Fig.  3.  Late  Permian  Changhsingian  reef  outcrops  and  associated  palaeogeography  of  South  China.  Palaeo¬ 
geographical  settings:  B,  bank;  Br-Af,  braided  stream-alluvial  fan;  Db,  deep-water  basin;  Ip,  isolated  platform; 
Me-La,  meandering  stream-lake;  Ol,  old  land;  Op,  open  platform;  Pe,  platform  edge;  Pfs,  platform-front  slope; 
Tf-Lg-D,  tidal  flat-lagoon-delta.  Reef  outcrops:  1.  Aze,  Kaiyuan  and  Laozhai,  Mongzi,  Yunnan;  2.  Dongnameng, 
Ake,  Yangmeng  and  Koulai,  Guangnan,  and  Pingzhai,  Qiubci,  Yunnan;  3.  Wenliu,  Qiubci-Zhetai,  Guangnan,  Yunnan; 
4.  Xiongwu,  Xingyi,  Guizhou;  5.  Xilin,  Guangxi:  Shechang-De’e-Pingan  and  Longhuo;  6.  Longli,  Guangxi: 
Xiangbo-Kcfeng;  7.  Banjie,  Ccheng.  Guizhou;  8.  Laizishan,  Ceheng,  Guizhou:  Luofan-Yangping  (Wciruo)-Ceyang 
(Shitouzhai);  9.  Baiccng-Mao'an,  Zhcnfcng.  Guizhou:  10.  Gada.  Zhenning,  Guizhou;  11.  Ziyun,  Guizhou:  Shitouzhai- 
Mutashan  (Qincaichong)-Danluzhai  and  Baiyan;  12.  Houchang,  Ziyun  and  Bodong-Balai,  Wangmo,  Guizhou; 
13.  Pingrao,  Wangmo,  Guizhou:  Pingrao-Datang;  14.  Houchang,  Luodian,  Guizhou:  Yingpan-Laochangba; 
15.  Mangchang,  Nandan,  Guangxi;  16.  Leye,  Guangxi:  Leye-Gantian-Langping;  17.  Lingyun,  Guangxi:  Jiayou- 
Lingyun-Longfu-Luolou;  18.  Tiane.  Guangxi;  19.  Haicheng,  Tiandong,  Potang,  Pingguo  and  Bangping,  Winning, 
Guangxi;  20.  Tingliang,  Ningming.  Guangxi:  21.  Yizhang,  Hunan:  Meitian  and  Jiangshui;  22.  Huatang,  Chenxian, 
Hunan:  Sanhe-Tongmuqiao-Taipaichong;  23.  Chenxi,  Hunan:  Qujiawan-Xiongshoushan-Shaping-Shilipu-Daping; 
24.  Cili,  Hunan:  Moyuwan-Shenxianwan-Changping-Daluokeng-Daxi;  25.  Lichuan,  Hubei:  Jiantianba,  Jiannan, 
Huangnitang,  Huangjindong  and  Huajiaoping;  26.  Taiyun,  Fengdu,  Shibaozhai,  Zhongxian,  Huangnitang,  Liangping 
and  Wolonghe,  Dianjiang,  Chongqing;  27.  Lengshuixi,  Shizhu  and  Pengshui,  Chongqing;  28.  Honghuan,  Kaixian, 
Sichuan  and  Wuxi.  Chongqing;  29.  Huaying  Mtns,  Sichuan:  Wenxingchang,  Laolongdong,  Chunmuping,  Xianghecun, 
Baizhuyuan,  Yingzuiya  and  Tiechanggou;  30.  Qiaoling,  Nanjiang,  Jiulongshan,  Wangcang  and  Hcwanchang,  Guangyuan, 
Sichuan;  31.  Dongling,  Xiushui,  Jiangxi;  32.  Songshan,  Wuxi,  Jiangsu. 
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Wuchiapingian,  resulting  in  most  of  the  Yangtze 
platform  being  occupied  by  coal-bearing  sediments 
of  the  Longtan  Formation.  The  only  Wuchiapingian 
reefs  reported  to  date  are  a  sponge  biohcrm  of 
rniddle  and  late  Wuchiapingian  age  from  Laibin  of 
eastern  Guangxi  (Yang  1987)  and  a  coral  biostrome 
front  Ziyun  of  Guizhou  Province  (Wang  et  al. 
1994).  These  reefs  were  all  situated  on  structural 
highs  within  faulted  narrow  troughs  of  the  time. 


DISTRIBUTION  OF  THE  TRIASSIC  REEF 
ECOSYSTEMS  IN  SOUTH  CHINA 

Although  Triassic  reefs  had  been  found  long  ago 
and  well  studied  in  Europe,  few  reliable  Triassic 
ecological  reefs  have  been  recognised  from  South 
China,  apart  from  a  number  of  reef-like  biotic 
carbonate  buildups  and  banks.  A  plot  of  these 
Triassic  carbonate  buildups  and  banks  (Fig.  6) 
shows  a  clear  association  of  these  reef-like 
structures  with  the  previous  localities  of  the 
Permian  reefs. 

The  Lower  Triassic  appears  to  be  barren  of  any 
typical  mature  reefs  like  those  of  the  Permian 
although  carbonate  banks,  especially  oolitic  banks 
and  stromatolite  limestones  formed  by  binding 
algae  have  been  recorded  (Zhu  1992;  Guo  et  al. 
1992).  The  poor  development  of  reefs  in  the  Early 
Triassic  is  considered  to  be  a  reflection  of  limited 
suitable  reef-forming  palaeogeographical  conditions 
and  the  lack  of  frame-constructing  and  baffling 
organisms. 

Affected  by  the  Indosinian  Movement,  regression 
took  place  over  most  areas  of  the  middle  and  lower 
Yangtze  Platform  from  the  latest  Early  Triassic, 
followed  by  uplifting  in  the  Middle  Triassic, 
resulting  in  the  transition  of  the  platform  from 
shallow  water  banks  to  closed  lagoonal  facies  and 
finally  to  continental  deposits,  thus  no  reef  eco¬ 
systems  recovered  in  these  regions.  However,  in 
the  adjacent  areas  of  the  Upper  Yangtze  region 


subsidence  and  associated  down-warping  continued, 
resulting  in  rapid  palaeogeographical  differentiation 
and  formation  of  various  tectono-depositional 
settings  suitable  for  the  construction  of  carbonate 
buildups  and  the  colonisation  of  reef  ecosystems. 
In  south  Guizhou  and  the  Nanpanjiang  area  at 
the  juncture  of  Guizhou,  Guangxi  and  Yunnan 
Provinces,  embryonic  reefal  forms  commenced  in 
the  Anisian  on  structural  highs  related  to  the 
previous  Palaeozoic  reef  facies  (Fig.  6).  It  is  of 
note  that  these  reefal  structures  consisted  mainly 
of  algal  bindstones  (Tong  &  Huang  1992),  with 
only  a  few  frame-builders,  bafflers  such  as  scler- 
actinian  corals  and  calcisponges  (Deng  &  Kong 
1984)  and  serpulid  worms  (Xu  et  al.  1992). 

In  general,  frame-builders  and  bafflers  in  the 
Middle  Triassic  reefs  were  rare  and  appear  to  have 
been  of  minor  importance  in  the  formation  of  the 
Chinese  reefs,  thus  the  Middle  Triassic  here  lacks 
ecological  reefs  capable  of  wave  resistance.  The 
‘agate-like’  structures  in  the  Ladinian  were  once 
considered  to  be  frame-building  red  algae  (Ho 
et  al.  1980,  1983),  but  more  recent  studies  show 
that  they  are  not  calcareous  red  algae  but  caliche 
deposits  formed  when  carbonate  buildup  banks 
were  exposed  subaerially  (Fan  &  Wen  1992;  Fan 
1996).  Tlie  carbonate  buildups  similar  to  the  Middle 
Triassic  Anisian-Ladinian  reef  (bank)  ecosystems 
at  the  southern  margin  of  the  Upper  Yangtze 
Platform  have  also  been  documented  from  coeval 
horizons  in  Dangchang  of  Gansu  Province  at  the 
northern  margin  of  the  Upper  Yangtze  Platform 
(Yin  et  al.  1992)  as  well  as  in  some  areas  of 
Europe  (e.g.  Bucur  et  al.  1994;  Boni  et  al.  1994). 
The  transition  from  the  Middle  Triassic  Ladinian 
to  the  Late  Triassic  Camian  had  a  profound  effect 
on  the  palaeogeography  of  South  China  in  that 
the  foregoing  tectonic  settings  favourable  to  the 
development  of  carbonate  buildups  and  reefs 
diminished.  The  only  Late  Triassic  reef  ecosystem 
found  to  date  in  South  China  is  the  sponge  bioherm 
from  Wangcang,  Mianzhu  of  northern  Sichuan 
Province  in  an  aulocogcn  setting  then  connected 
with  the  western  Tethys  (Wu  &  Zhang  1982). 


Fig.  4.  Sequence  of  the  Permian  reefs  at  the  Xiangbo  section,  Longlin  of  Guangxi  Province  (data  mainly  from 
Fan  et  al.  1990):  1.  micritic  limestone;  2.  reef  limestone;  3.  algal  bindstone;  4.  cherty  limestone;  5.  grainstone; 
6.  alga-bearing  limestone;  7.  shelly  limestone;  8.  brecciola;  9.  bioclast;  10.  breccia;  11.  cherty  nodule;  12.  sandy 
grain;  13.  red  algae;  14.  cyanophyte;  15.  phylloid  algae;  16.  calcisphere;  17.  sphinctozoan;  18.  inozoan;  19.  Tabulozoa: 
20.  hydrozoan;  21.  bryozoan;  22.  stroinatoporid;  23.  cchinodcrm;  24.  bivalve;  25.  gastropod;  26.  brachiopod; 
27.  fusulinid;  28.  non-fusulinid  foraminifer;  29.  ccphalopod;  30.  coral;  31.  blue  algae;  32.  Tubiphytes ;  33.  reef 
frame;  34.  reef  flat;  35.  settlement;  36.  destruction. 


Xiangbo,  Longlin  Shitouzhai,  Ziyun  Daping,  Chenxi  Gaofeng,  Cili  Qingshuiyan,  Xiushui  Taiyun,  Fengdu  Wujiawan,  Lichuan  Laolongdong,  Beipei 
Guangxi  Guizhou  Hunan  Hunan  Jiangxi  Chongqing  Hubei  Chongqing 
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EVOLUTION  OF  THE  PERMIAN 
AND  TRIASSIC  REEF-BUILDERS 
IN  SOUTH  CHINA 

As  outlined  above,  the  Permian  and  Triassic 
reefs  were  mostly  sponge  reefs;  coral  reefs,  algal 
reefs  and  reefs  composed  of  other  organisms 
were  very  scarce.  Reef  binders  include  various 
calcareous  algae,  some  sphinctozoans  and  sclero- 
sponges  (including  Tabulozoa),  some  blue-green 
algae  (including  Tubiphytes)  and  microproblematica 
(Table  1).  Even  serpulid  worms  have  also  been 
speculated  to  be  part  of  the  reef-builders  in  the 
Triassic  (Xu  ct  al.  1992).  All  of  these  organisms, 
frame  builders  and  binders,  together  had  the 
potential  to  build  reefs,  but  in  some  cases  this 
potential  had  not  been  realised  because  rccfal 
development  was  also  dependent  on  the  availability 
of  adequate  tectonic  and  palaeogcographical  settings 
(e.g.  carbonate  banks  or  buildups  located  on  the 
outer  edge  of  platforms). 

Reef-epizoans  were  important  constituents  of 
the  Permian  and  Triassic  reef  ecosystems,  but  they 


generally  lived  passively  in  the  reefs  without  direct 
contribution  to  the  reef  building  but  acting  on  the 
reefs  through  their  commensal  relation  to  the  reef- 
builders  and,  as  such,  evolved  with  the  succession 
of  the  reef  ecosystems.  For  instance,  the  recovery 
of  the  Triassic  rcef-epizoan  benthos  in  South 
China  at  the  beginning  of  the  Middle  Triassic 
was  coincident  with  the  reorganisation  of  the  reef 
ecosystems  (Tong  1997a). 

The  early  Early  Permian  (Asselian-Sakmarian) 
reefs  of  the  Urals  were  mainly  built  up  by  hydro- 
zoans  and  algae.  Similarly,  the  calcisponges  did 
not  participate  in  the  reef-building  until  the  late 
Early  Permian  (Artinskian-Kungurian)  in  the  south¬ 
ern  Alps  (Fluegcl  &  Stanley  1984).  The  Permian 
calcisponges  also  occurred  in  the  late  Early  Permian 
(Chihsian)  (Deng  1990),  but  they  did  not  form 
distinct  sponge  reefs  until  the  middle-late 
Maokouan.  The  Maokouan  reefs  of  South  China 
were  all  sponge  reefs  with  frame-builders  mainly 
composed  of  calcisponges,  especially  sphinctozoan 
sponges  and  locally  with  some  bryozoans.  The 
binders  were  predominantly  various  algae,  includ- 


Major  reef-building  epoch 

Dominant  frame-builders  and  bafflers 

Binders 

Middle  Triassic 

very  few: 

blue  algae 

(no  ecological  reefs) 

scleractinians: 

‘Tubiphytes’ 

Pinacophyllum 

serpulids: 

bryozoans; 

Preceriocava 

Huananoserpula,  Trachiserpula 

Changhsingian 

sphinctozoans: 

blue  algae 

Arnblysiphonella,  Polycystocoelia, 

Tubiphytes 

Colospongia,  etc. 

Tabulozoa 

inozoans: 

sphinctozoans; 

Pemnidella ,  etc. 
rugose  corals: 

Liangshanophyllum,  Waagenophyllum 
Tabulozoa 

Cystothalamia 

Maokouan 

sphinctozoans: 

blue  algae 

Intrasporeocoelia,  Rhabdactinia,  etc. 

Archaeolithoporella 

Tabulozoa 

Tubiphytes 

inozoans: 

Tabulozoa 

Intratubospongia,  Pemnidella,  etc. 

sphinctozoans: 

Uvanella,  Tebagathalamia 

Table  I.  Major  reef-builders 

in  the  Permian  and  Triassic  of  South  China. 

Fig.  5.  Sequences  of  several  Changhsingian  reefs  of  South  China  showing  the  development  of  the  reef  ecosystems: 
1.  micritic  limestone  or  dolomite;  2.  sponge  reef  limestone;  3.  coral  reef  limestone;  4.  shelly  limestone;  5.  alga¬ 
bearing  limestone;  6.  grainstone;  7.  brecciola;  8.  cherty  limestone;  9.  argillaceous  limestone;  10.  siliceous  limestone 
or  silicalite.  De,  Destruction;  Di,  Diversification;  1C,  lower  Changhsingian;  mC,  middle  Changhsingian;  Se,  Settle¬ 
ment;  Tr,  Lower  Triassic;  uC,  upper  Changhsingian;  Wj,  Wuchiapingian. 
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ing  the  widespread  encrusting  Tubiphytes  and 
Archaeolithoporella.  The  sclerospongc  Tabulozoa 
were  both  frame-builders  and  effective  binders  in 
some  reefs. 

The  only  Wuchiapingian  sponge  reef  is  known 
from  Laibin  of  eastern  Guangxi  (Yang  1987).  This 
reef  appears  to  represent  a  transitional  form  from 
the  Maokouan  to  the  Changhsingian  reefs  in  view 
of  its  biotic  composition.  The  major  reef-builders 
were  the  sphinctozoans  Amblysiphonella,  Solasia , 
Guadalupia,  Salzbergia,  Cryptocoelia ,  Cysto- 
thalamici ,  Uvanella,  Colospongia,  the  inozoans 
Peronidella,  Corynella,  sclerosponge  Tabulozoa,  and 
the  algae  Tubiphytes.  In  addition  to  the  sponge 
reef,  Wuchiapingian  coral  biostromes  have  also 
been  observed  in  Ziyun  of  Guizhou  (Wang  et  al. 
1994),  composed  largely  of  the  dendroid  coral 
Pseudohuangia  and  massive  coral  Ipciphyllwn 
together  with  the  bafflestones  composed  mainly 
of  such  small  calcisponges  as  Sollasia  and 
Peronidella. 


The  Changhsingian  reefs  were  widely  distributed 
across  the  Yangtze  Platform  and  more  diversified 
than  the  Maokouan  reefs.  Besides  sponge  reefs, 
coral  reefs  also  existed  in  some  localities,  for 
instance,  at  Cili  of  Hunan.  Locally,  hydrozoans 
and  bryozoans  also  participated  in  frame-building 
of  the  reefs.  Among  the  reef-building  sponges, 
the  inozoans  became  important  and  occasionally 
exceeded  the  sphinctozoans  (Zhang  &  Zhang  1992). 
Some  calcisponges,  such  as  Amblysiphonella , 
Peronidella  and  Colospongia  also  became  important 
frame-builders  and  attained  a  wider  distribution 
than  in  the  Maokouan. 

No  typical  Permian  frame-building  organisms 
have  been  found  to  survive  into  the  Early  Triassic 
in  South  China  except  for  some  stromatolites 
formed  by  algae  in  some  areas  (Guo  et  al.  1992). 
The  principal  reef-builders  in  the  Middle  Triassic 
reef  ecosystems  were  binding  algae.  This  is  in 
sharp  contrast  to  the  Maokouan  and  Changhsingian 
reefs  which  were  dominated  by  frame-builders. 
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Though  some  scleractinian  corals,  calcisponges 
(Deng  &  Kong  1984)  and  bryozoans  (Xu  et  al. 
1992)  have  been  observed  from  some  Middle 
Triassic  carbonate  buildups,  they  were  probably  too 
scarce  to  form  any  significant  reefal  frames.  The 
red  algae  earlier  considered  as  the  Ladinian  frame- 
builders  (Ho  et  al.  1980,  1983)  have  now  been 
denied  (Fan  &  Wen  1992;  Fan  1996).  On  the  other 
hand,  the  only  Late  Triassic  (Camian)  reef  found 
at  Mianzhu  of  Sichuan  (Wu  &  Zhang  1982)  bears 
a  remarkable  similarity  to  the  Changhsingian  reefs 
of  South  China  and  Triassic  reefs  in  other  regions 
of  the  world,  in  which  the  dominant  reef-builders 
were  frame-building  sponges  such  as  Peronidella, 
Amblysiphonella  and  Colospongia.  These  sponges 
were  also  important  frame-builders  of  the  Changh¬ 
singian  reefs  in  South  China. 

On  a  global  scale  there  is  a  continued  debate 
with  regards  to  the  relationship  between  the 
Permian  reefs  and  the  Triassic  reefs.  On  the  one 
hand,  it  seems  reasonable  to  conclude,  as  far 
as  the  data  from  South  China  is  concerned,  that 
there  is  no  apparent  genetic  or  causal  relationship 
between  Permian  and  Triassic  reefs.  On  the  other 
hand,  Stanley  (1988)  argued  that  the  Permian  and 
Triassic  reef  ecosystems  were  probably  genetically 
related  based  on  the  observation  that  sponges  and 
reef-binding  Tubiphytes  exist  in  both  the  Permian 
and  Triassic  reefs  (Fluegel  et  al.  1984;  Fagerstrom 
1987).  However,  recent  taxonomic  studies  on  the 
Permian  and  Triassic  reef-builders  indicate  that  the 
Permian  and  Triassic  'Tubiphytes'  might  belong 
to  two  different  taxonomic  groups  (Fluegel  1994) 
and  some  Triassic  calcisponges  such  as  ‘Ambly¬ 
siphonella’  and  'Colospongia'  might  be  only  the 
so-called  ‘Elvis’  taxa  (Erwin  &  Droser  1993) 
instead  of  the  holdovers  or  ‘Lazarus’  taxa  (Jablonski 
1986)  of  the  Permian  forms  (Scnowbari-Daryan 
et  al.  1993).  If  this  is  the  case,  as  argued  by 
Fluegel  (1994),  there  might  be  no  direct  relation 
between  the  Permian  and  Triassic  reef-builders,  just 
as  the  apparent  lack  of  a  relation  between  the 
Palaeozoic  rugose  corals  and  the  scleractinian  corals 
beginning  in  the  Middle  Triassic  (Oliver  1980). 
Albeit  South  China  had  well-developed  latest 
Permian  reef  ecosystems,  no  significant  frame¬ 
building  organisms  and  reef-binding  'Tubiphytes' 
have  been  observed  in  the  Middle  Triassic  reef 
ecosystems  of  South  China,  therefore  rendering  the 
relationship  between  the  Permian  and  Middle 
Triassic  reef-builders  impossible  to  determine.  On 
the  other  hand,  it  is  interesting  to  note  that  the 
Permian  and  Middle  Triassic  reef  ecosystems 
appear  to  have  a  close  palaeogeographical  con¬ 
nection  in  that  the  Middle  Triassic  reefs  were  built 
directly  on,  or  in  the  vicinity  of,  Permian  reefal 


buildups  (Fig.  6).  This  fact  reflects  the  importance 
of  appropriate  tectonic  settings  in  the  construction 
of  reef  complexes. 


DESTRUCTION  AND  REORGANISATION 
OF  THE  PERMIAN  AND  TRIASSIC 
REEF  ECOSYSTEMS  IN  SOUTH  CHINA 

In  conclusion,  the  origin  and  evolution  of  the 
Permian  and  Triassic  reef  ecosystems  in  South 
China  depended  on  both  the  development  of 
reef-builders  and  existence  of  suitably  developed 
tcctono-palaeogcographical  settings.  In  other  words, 
for  a  reef  to  grow  there  must  exist  reef-builders 
and  a  suitable,  stable  tcctonic/palaeogeographical 
environment  in  which  the  reef-builders  can  grow 
and  evolve.  During  the  Permian-Triassic,  such 
suitable,  stable  tcctono-palaeogcographical  environ¬ 
ments  included  margins  of  platforms  or  isolated 
uplifts  within  aulocogens  or  rift  basins. 

The  two  Permian  reef-building  cycles  in  South 
China  have  comparable  structures  and  apparently 
similar  evolutionary  processes.  Reef  ecosystems 
developed  at  the  margins  of  platforms  had  usually 
experienced  a  process  of  settlcmcnt-diversification- 
destruction,  or  the  pioneer,  climax  and  terminal 
stages  as  referred  to  by  Toomey  &  Cys  (1979). 
In  comparison,  the  Maokouan  reef  ecosystems  ex¬ 
perienced  a  longer  settlement  (Fig.  4)  due  probably 
to  the  lack  of  marked  regional  palaeogeographical 
differentiation  in  South  China  from  the  Late  Car¬ 
boniferous  to  the  early  Middle  Permian  (Chihsian). 
In  fact,  some  calcisponges  capable  of  reef-building 
occurred  in  the  Chihsian  of  South  China  (Deng 
1990;  see  also  Fig.  4),  but  they  did  not  build 
up  a  real  reef  ecosystem  until  the  Maokouan 
when  rapid  local  palaeogeographical  differentiation 
appeared  in  the  Nanpanjiang  area  at  the  juncture 
of  Guangxi,  Yunnan  and  Guizhou  Provinces. 
Though  the  diversification  of  typical  Maokouan 
reef  ecosystems  commonly  includes  several  sub- 
cycles,  their  biotic  diversities  are  not  very  high 
in  general.  On  some  buildups  scattered  within 
the  platforms  or  on  the  tectonically  uplifted  areas 
within  troughs  (such  as  the  Tonglu  of  Zhejiang, 
Tongling  of  Anhui,  Linshui  of  Sichuan  and  some 
areas  outside  of  the  Nanpanjiang  area),  the  reef 
ecosystems  were  very  restricted  in  space  and  their 
maturation  level  was  also  relatively  low. 

The  destruction  of  the  Maokouan  reef  ecosystems 
was  basically  coincident  with  the  end-Maokouan 
mass  extinction  event  (Jin  1993;  Stanley  &  Yang 
1994;  Shen  &  Shi  1996).  Most  of  the  Maokouan 
reefs  are  followed  by  a  clear  post-reefal  develop- 
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ment  stage  where  the  ‘reef  caps’  were  produced 
(Fan  et  al.  1990;  Wang  et  al.  1994)  at  a  level 
lower  than  the  actual  end-Maokouan  mass 
extinction  (Fig.  4). 

Following  a  widespread  regression  during  the 
Wuchiapingian  when  little  tcctonic/palaeogeograph- 
ical  differentiation  was  produced  and,  hence,  few 
reefs  constructed,  the  Changhsingian  commenced 
with  another  major  phase  of  reef  construction  in 
South  China.  During  this  terminal  Permian  stage, 
tectonic  settings  were  varied  across  the  Yangtze 
Platform,  accompanied  by  a  regional  transgression. 
In  the  meantime,  reef-builders  had  recovered  signi¬ 
ficantly  after  the  end-Maokouan  mass  extinction. 
All  these  factors  contributed  to  a  rapid  and  well 
expanded  phase  of  reef-building  from  late  Early 
Changhsingian.  Most  of  the  Changhsingian  reef 
ecosystems  succeeded  from  previous  Maokouan 
carbonate  buildups  and,  in  addition,  expanded  well 
into  the  northern  and  northeastern  parts  of  the 
Yangtze  Platform  (Hunan,  western  Hubei,  eastern 
Sichuan  and  Chongqing)  (Fig.  3). 

Like  the  Maokouan  reefs,  the  evolution  of  the 
Changhsingian  reef  ecosystems  also  went  through 
the  three-step  process:  settlement,  diversification 
and  destruction  (Fig.  4).  This  process  is  recog¬ 
nisable  from  both  shelf-margin  reefs  and  patch  reef 
ecosystems  (Fig.  5).  However,  the  settlement  stage 
of  the  Changhsingian  reefs  appears  to  have  lasted 
much  shorter  than  the  Maokouan  reefs.  This  may 
be  a  reflection  of  the  escalation  of  the  reef-building 
ability  of  organisms,  enhanced  by  intensified 
regional  tectonic/palaeogeographical  differentiation 
and  the  local  stabilisation  of  the  marine  environ¬ 
ments.  The  destruction  of  the  Changhsingian  reef 
ecosystems  was  very  rapid,  analogous  to  the  mass 
extinction  of  other  biotic  groups  at  the  end  of  the 
Palaeozoic.  Most  well-developed  Changhsingian 
reef  ecosystems  had  a  short  destruction  and  the 
end  of  the  diversification  lie  usually  decimetres  or 
metres  below  the  Permo-Triassic  boundary  (Zhang 
et  al.  1990;  Lin  1992;  Zhang  &  Zhang  1992) 
(Fig.  5). 

Though  carbonate  banks  were  widespread  in 
South  China  during  the  Early  Triassic  (Zhu  1992), 
lack  of  adequate  regional  palaeogeographical  set¬ 
tings  and  the  extinction  of  many  significant  reef¬ 
building  organisms  at  the  end  of  the  Permian 
hampered  construction  of  any  significant  reefs.  Of 
these  two  factors,  the  lack  of  reefal  frame-builders 
in  the  Early  Triassic  may  not  have  been  a  primary 
factor  because  binding  algae  alone  could  build 
reef  structures  if  they  had  adequate  regional 
palaeogeographical  settings.  For  instance,  Sano 
&  Nakashima  (1997)  have  reported  early  Early 
Triassic  algal  bindstones  from  Japan,  and  Guo 


et  al.  (1992)  observed  some  algal  stromatolites  from 
the  Lower  Triassic  of  South  China.  Such  is  also 
the  case  with  the  Middle  Triassic  Anisian  reefs  in 
southern  Guizhou  and  at  the  juncture  of  Guizhou, 
Guangxi  and  Yunnan  Provinces.  In  these  reefal 
complexes,  no  frame-builders  were  involved. 

During  the  Triassic,  ecosystems  similar  to  the 
Permian  sponge  reef  ecosystems  of  South  China 
were  situated  mainly  in  the  western  Tethys  (Fluegel 
1994).  The  structures  of  the  Middle  Triassic  reef 
ecosystems  in  South  China  were  quite  different 
from  those  in  the  Permian.  During  this  time, 
carbonate  buildups  suitable  to  the  settlement  of 
reef-builders  were  restricted  to  the  southern  and 
northern  margins  of  the  Upper  Yangtze  Platform. 
Anisian  reef  ecosystems  were  mainly  built  up  by 
various  binding  algae  despite  the  presence  in  these 
reefs  of  few  scleractinian  corals  and  bryozoans. 
In  contrast  to  the  Permian  reef  ecosystems  which 
were  established  upon  frame-building  organisms, 
the  Anisian  reefs  relied  to  a  great  extent  on  the 
physical  conditions  of  the  reef-building  environ¬ 
ments.  Thus,  once  the  growth  of  these  binding 
algae  was  restrained  the  reefs  evolved  into  passive 
biotic  carbonate  buildup  banks  (Tong  &  Huang 
1992;  Tong  1997b).  Reef  development  was  further 
restricted  during  the  Ladinian,  with  mainly 
carbonate  buildups  and  no  active  reef  ecosystems 
(Fig.  1).  By  the  end  of  the  Ladinian,  intensified 
regional  tectonic  movement  of  the  Hercynian 
Orogeny  brought  about  significant  changes  in 
the  palaeogeographical  pattern  of  South  China, 
resulting  in  the  final  demise  of  the  Permian-Triassic 
reef-building  supercycle.  Although  small  Late 
Triassic  Camian  reefs  also  exist  (Fig.  1),  for 
instance  in  northern  Sichuan  Province,  these  were 
not  directly  connected  with  the  Permian  and  Middle 
Triassic  reef  ecosystems  of  South  China.  More 
likely,  these  Late  Triassic  reefs  were  built  on  local 
palaeogeographical  uplifts  (c.g.  the  Longmengshan 
structural  zone  of  Wu  1989)  under  the  new  tectonic 
environment  by  reef-builders  that  had  migrated 
from  the  western  Tethys. 


CONCLUSIONS 

1.  Like  the  evolution  of  other  biotic  groups,  the 
Permian  reef  ecosystems  in  South  China  ex¬ 
perienced  two  major  extinctions  respectively  at 
the  end  of  the  Maokouan  and  the  end  of  the 
Changhsingian.  In  view  of  the  connection 
between  the  reef  ecosystems  before  and  after 
the  extinctions,  the  two  reef  extinction  events 
are  comparable  in  that  both  reef  ecosystems 
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were  significantly  destroyed  by  the  extinctions, 
which  were  then  immediately  succeeded  by  a 
period  of  an  eclipse  (Newell  1972).  However, 
it  appears  that  the  end-Maokouan  extinction  was 
less  intense  so  that  a  significant  proportion  of 
the  Maokouan  reef-builders  survived  into  the 
Lopingian.  This  condition,  coupled  with  the 
retention  of  suitable  tectonic/palaeogeographial 
settings,  facilitated  the  recovery  of  similar  reef 
ecosystems  during  the  Changhsingian.  The 
Early  Triassic  was  characterised  by  an  eclipse 
in  reefal  development.  We  believe  that  this  may 
have  been  a  direct  consequence  of  the  end- 
Changhsingian  mass  extinction,  which  appears 
to  have  been  a  far  greater  extinction  event 
than  the  end-Maokouan  extinction  in  terms  of 
intensity  and  duration  of  the  extinction  process 
(Shen  &  Shi  1996).  This  end-Changhsingian 
extinction  may  have  wiped  out  most  if  not  all 
of  the  important  Permian  reef-building  organ¬ 
isms.  Following  the  Early  Triassic  eclipse,  reef 
construction  commenced  again  during  the 
Middle  Triassic  primarily  by  binding  algae 
instead  of  frame-builders  as  in  the  Permian. 

2.  Stanley  (1997)  noted  that  the  timing  of  reef 
extinctions  is  coupled  but  not  synchronous  with 
mass  extinctions  of  non-reefal  organisms  in  that 
extinction  of  reef  ecosystems  tended  to  be  earlier 
than  the  latter  but  recovered  later.  This  con¬ 
clusion  is  consistent  with  our  observation  on 
the  Permian  reefs  of  South  China.  In  South 
China,  for  instance,  the  disappearance  of  the 
Changhsingian  reefs  is  usually  a  few  decimetres 
or  metres  below  the  Permian-Triassic  boundary 
where  the  widely  perceived  end-Changhsingian 
mass  extinction  occurs  (Fig.  5). 

3.  The  Middle  Triassic  recovery  of  reef  ecosystems 
in  South  China  is  almost  synchronous  with 
the  recovery  of  level-bottom  organisms  (Tong 
1997a).  In  general,  the  developing  process  of 
the  Middle  Triassic  reef  ecosystems  in  South 
China  could  not  be  compared  with  the  three- 
step  model  of  Stanley  (1988)  as  there  were 
no  typical  frame-builders  in  the  Middle  Triassic 
reefs. 

4.  The  evolutionary  history  of  the  Permian  and 
Triassic  reef  ecosystems  in  South  China  indi¬ 
cates  that  the  reef-building  organisms  controlled 
the  occurrence,  growth  and  evolution  of  the 
reefs  together  with  the  reef-building  environ¬ 
ments.  The  reef-building  organisms  were  of 
prime  importance  in  controlling  the  existence 
and  expansion  of  the  reef  ecosystems  while 
the  reef-building  environments,  especially  the 
existence  of  appropriate  tectonic  and  palaeo- 
geographical  settings,  were  also  important  deter¬ 


minants  for  any  reef  ecosystems  to  emerge  and 
develop.  Among  the  reef-builders  the  frame- 
builders  and  binders  are  of  the  same  importance 
in  the  formation  of  reefs,  and  either  or  both 
together  could  build  reefs  if  an  appropriate  tec- 
tono-palaeogeographical  setting  was  available. 
This  is  the  case  for  the  Wuchiapingian  bio- 
stromes,  which  are  built  of  frame-building  corals 
with  no  binders.  By  contrast,  the  Middle  Triassic 
and  limited  Early  Triassic  reef  complexes  were 
built  essentially  by  binding  algae  with  few 
frame  builders.  These  algae  bindstones  had 
limited  upgrowth  ability  due  to  the  lack  of  active 
participation  of  frame-builders  and  hence  were 
incapable  of  active  growth  and  liable  to  evolve 
into  biotic  buildup  banks. 
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The  presence  of  Permo-Carboniferous  glacio-marine  deposits  and  Gondwana  affinity  fauna 
and  palynomorph  assemblages  in  the  Baoshan  and  Lhasa  blocks  indicates  a  Gondwana  origin 
of  both  blocks.  Moreover,  similar  lithological  components  of  Permo-Carboniferous  sequences 
of  both  blocks,  which  was  further  confirmed  by  recent  field  investigation  in  the  area  north¬ 
east  of  Lhasa,  may  suggest  a  close  genetic  connection  between  both  blocks. 


THE  Baoshan  and  Lhasa  blocks  are  situated 
presently  in  southwestern  China  (Yunnan  Province 
and  the  Tibet  Autonomous  Region,  respectively) 
(Fig.  1).  The  Baoshan  Block  is  confined  on  the 


east  by  the  Kejie  and  Nandinghe  faults  and  on  the 
west  by  the  Nujiang  fault  zone.  The  Lhasa  Block 
is  bounded  on  the  north  by  the  Bangong-Nujiang 
suture  and  on  the  south  by  the  Yarlung  Zangbo 


Fig.  1.  Position  of  the  Lhasa  and  Baoshan  blocks  within  the  mosaic  of  blocks  making  up  southwestern  China. 
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suture.  The  Baoshan  and  Lhasa  blocks  are 
considered  to  be  of  Gondwana  origin,  because 
Permo-Carboniferous  glacio-marine  deposits  and 
Gondwana  affinity  fossils  have  been  successively 
found  and  recognised.  However,  the  similarity 
in  lithological  component  of  Permo-Carboniferous 
sequences  of  both  blocks  may  further  indicate  a 
closer  genetic  relationship  between  them  (Fig.  2). 


Fig.  2.  Location  of  the  section  along  the  road  linking 
Lhunzhub  and  Poindo  northeast  of  Lhasa. 


BAOSHAN  BLOCK 

The  Permo-Carboniferous  sequence  of  the  Baoshan 
Block  has  been  relatively  better  studied  (Geological 
Survey  of  Yunnan  1980;  Wang  Yizhao  1983;  Jin 
Xiaochi  1994a,  1994b;  Wopfncr  1996).  It  starts 
with  Lower  Carboniferous  limestones,  which  lie  on 
Upper  Devonian  limestone  with  probably  a  small 
hiatus.  The  Xiangshan  Formation,  the  lower  part 
of  Lower  Carboniferous  limestones,  contains  the 
corals  Cystophrentis ,  Siphonophyllia ,  Humboldtia 
and  Pseudouralinia.  It  is  assigned  a  Toumaisian 
age.  The  Pumanqian  Formation,  the  upper  part 
of  Lower  Carboniferous  limestones,  contains  the 
corals  Kueichouphyllum  and  Yuanophyllum,  and  is 
considered  to  have  a  Visean  age.  The  limestones 
are  unconformably  overlain  by  the  Dingjiazhai 


Formation.  The  basal  part  of  it  is  nonnaiiy 
composed  of  6-12  m  of  shale,  siltstone  ancj 
fine  sandstone,  the  rest  of  the  formation  compn'ses 
a  three-fold  sequence  of  ascendingly  diamictjte 
pebbly  mudstone  and  dark-colored  shale  an(j 
Iaminite,  these  are  interpreted  to  be  formed 
respectively  during  the  periods  of  glacier  highstanc] 
glacier  retreat  and  deglaciation.  The  Dingjiazj,aj 
Formation  is  overlain  by  basalts  of  the  Wonjusj 
Formation  (500-700  m  in  thickness).  The  upper 
part,  especially  the  top  part  of  the  Dingji^ai 
Formation  is  rich  in  bryozoans,  crinoids  an(j 
brachiopods,  the  fusulinid  Triticites  can  also  be 
found.  Fossils  contained  in  sedimentary  inter¬ 
calations  (elastics  and  limestone  lenses)  of  the 
Woniusi  Formation  are  similar  to  those  contained 
in  the  upper  part  of  the  Dingjiazhai  Formation. 
The  age  range  of  the  Dingjiazhai  and  Woniusi 
formations  is  roughly  from  the  Stephanian  to 
Sakmarian  (Jin  1994a,  1994b;  Shi  ct  al.  1996). 
After  the  eruption  of  the  Woniusi  Basalts,  there 
seemed  to  be  a  short  period  of  erosion,  because 
hardground  can  be  seen  at  the  top  of  the  Woniusi 
Formation  in  some  outcrops.  Upwards  appears  the 
Bingma  Formation,  comprising  c.  70  m  of  pre_ 
dominantly  red  beds  with  pcsolitic  hemitites.  Tfte 
basal  part  consists  of  conglomerate  and  coarse 
deposits,  which  are  mainly  weathered  basalt 
fragments.  The  Bingma  Formation  is  overlain  by 
limestones  and  dolomitic  limestones  of  Qixian  to 
possibly  Wujiapingian  age.  The  upper  boundary  of 
Permian  deposits  is  hard  to  define,  because  of  the 
lack  of  proper  fossils  and  lithological  similarity  to 
overlying  Triassic  dolomitic  limestones. 


LHASA  BLOCK 

Permo-Carboniferous  sequence  of  the  Lhasa  Block 
is  often  interrupted  by  faults,  complete  sections 
which  demonstrate  the  whole  sequence  as  sections 
in  the  Baoshan  Block  do  have  not  yet  been 
observed.  The  Permo-Carboniferous  sequence  here 
is  known  before  as  composed  of  following 
lithological  units;  Lower  Carboniferous  limestones 
containing  the  coral  Kueichouphyllum  (Han  Tonglin 
1983),  clastic  deposits  of  the  Poindo  (Pondo) 
Group,  intermediate  and  basic  volcanics  and 
Permian  limestones  of  Qixian  to  Maokouan 
(possibly  Wujiapingian)  age.  The  Poindo  Group, 
with  a  thickness  of  more  than  500  m,  is  composed 
of  diamictite,  pebbly  sandstone,  dark  colored  pebbly 
mudstone  and  shale,  a  few  limestone  beds  are 
intercalated.  The  position  of  the  intermediate  and 
basic  volcanics  is  not  certain,  they  are  usually 
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considered  to  rest  on  the  Poindo  Group  (Han 
Tonglin  1983),  but  they  are  sometimes  placed  in 
the  basal  part  of  the  Poindo  Group  (Bureau  of 
Geology  and  Mineral  Resources  of  Tibet  1993). 

Field  work  in  the  Poindo  area  east  of  Lhasa  in 
August  1996  enabled  me  to  observe  a  relatively 
complete  section,  which  is  along  the  road  from  the 
town  of  Lhunzhub  to  the  village  of  Poindo.  At 
this  section  the  Poindo  Group  has  a  fault  contact 
with  the  Cretaceous  near  the  saddle,  pebbly  sand¬ 
stone  and  pebbly  mudstone  of  the  Poindo  Group 
are  exposed  to  the  south  of  the  saddle.  Further 
southwards  and  downwards  the  amount  of  outsized 
grains  become  less,  and  dark-colored  fine  elastics 
become  dominant.  The  Poindo  Group  is  overlain 
by  basalt,  which  is  strongly  weathered  and  has 
an  apparent  thickness  of  c.  100  m.  The  basalt  is 
overlain  by  c.  100  m  of  purple  and  purplish  red 
clastic  deposits.  The  basal  part  is  composed  over¬ 
whelmingly  of  weathered  basalt  fragments.  The  red 
beds  are  then  overlain  by  limestones  of  Middle 
Permian  and  Triassic  ages.  The  discovery  of  the 


red  beds,  which  has  not  been  documented  before, 
and  the  determination  of  their  relations  to  under¬ 
lying  basalt  and  overlying  carbonates  make  me 
more  confident  to  correlate  Permo-Carboniferous 
sequence  of  the  Baoshan  Block  with  that  of  the 
Lhasa  Block,  such  a  correlation  was  made  by  me 
tentatively  in  1994,  based  on  available  data  then 
(Jin  Xiaochi  1994b). 

To  sum  up,  the  common  points  of  both 
blocks  are  Early  Carboniferous  carbonates,  Late 
Carboniferous  to  Early  Permian  clastic  deposits, 
which  are  often  described  as  Gondwana  facies 
deposits.  Early  Permian  basalts.  Early  Permian  red 
beds.  Middle  to  Late  Permian  Carbonates.  The 
differences  are  mainly  the  variation  of  thickness 
of  each  lithological  unit  (Fig.  3). 

However,  the  lithogical  components  of  Permo- 
Carboniferous  sequences  of  the  Baoshan  Block 
are  different  from  those  of  the  neighbouring 
Tengchong  Block,  which  lies  west  of  the  Nujiang 
fault  zone.  There  are  no  Early  Carboniferous 
deposits  in  the  Tengchong  Block,  there  no  basalts 
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Fig.  3.  Stratigraphic  columns  of  the  Permo-Carboniferous  of  the  Baoshan  Block  and  the  Lhasa  Block.  Data  of 
the  Lhasa  Block  are  mainly  from  the  Poindo  area. 
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and  red  beds  on  the  clastic  deposits  which  com¬ 
prise  mostly  glacio-marine  deposits,  the  clastic 
deposits  are  conformably  overlain  by  limestones 
of  late  Mapingian  to  Wujiapingian  age.  Permo- 
Carbonifeous  sequences  of  the  Tengchong  Block 
are  very  similar  to  those  of  western  Burma, 
peninsular  Thailand  and  western  Malaysia. 
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The  western  belt  of  Peninsular  Malaysia  has  been  considered  to  be  a  single  intact 
block  which  formed  part  of  the  integrated  Shan-Thai  or  Sibumasu  block.  Lithological  and 
palaeontological  evidence  from  the  Permo-Carboniferous  sequences  of  northwest  Peninsular 
Malaysia,  however,  indicate  that  these  sediments  were  deposited  in  two  palaeogeographically 
distinct  settings  or  terrancs,  here  named  the  West  Langkawi  terrane  and  the  Pcrlis-Kedah  terrane 
respectively.  The  West  Langkawi  terrane  which  covers  western  as  well  as  central  parts  of 
Langkawi  Islands  is  represented  by  the  Singa  Formation  and  the  Jong  limestone  (new  name). 

The  Carboniferous  and  Lower  Permian  (the  Singa  Formation)  of  this  terrane  is  characterised 
by  thick  pebbly  mudstone  of  glacio-rnarine  origin,  containing  characteristic  cold  temperate 
Gondwanan  or  pcri-Gondwanan  faunas.  » 

The  Perlis-Kcdah  terrane  covers  a  wider  area  in  the  States  of  Kedah  and  Perlis  as  well 
as  the  eastern  part  of  Langkawi  Islands.  This  terrane  is  represented  by  the  Kubang  Pasu  and 
Scmanggol  Formations  and  the  Chuping  and  Kodiang  Limestones.  The  Carboniferous  and 
Lower  Permian  of  this  terrane  consists  of  shallow  water  Kubang  Pasu  Formation  in  the  west 
and  the  deep-water  Scmanggol  Formation  in  the  east.  So  far,  no  well-defined  glacial  diamictites 
and  cold  water  faunas  have  been  recorded  from  this  terrane.  The  Lower  Permian  fauna  in 
Perlis  is  dominated  by  taxa  suggestive  of  a  transitional  climatic  zone  (i.e.  between  typical 
cold-water  Gondwanan  and  palaeo-tropical  warm-water  Cathaysian  faunas). 

The  Kubang  Pasu  Formation  unconformably  overlies  the  Lower  Devonian  Setul  Limestone, 
while  its  lateral  equivalent,  the  basal  part  of  Singa  Formation  unconformably  overlies  the 
Upper  Cambrian  Machinchang  Formation.  In  the  eastern  part  of  Langkawi  Islands,  the  Permian 
of  Langkawi  terrane  were  overthrust  by  the  Lower  Palaeozoic  rocks  along  the  Kisap  Fault 
zone.  Although  there  are  many  different  types  of  fault  movements  and  directions  within  the 
fault  zone,  several  lines  of  evidence  in  support  of  westward  transport  have  been  observed 
at  Pulau  Dayang  Bunting  and  Pulau  Timun.  In  the  northeastern  part  of  the  main  Langkawi 
Island  where  the  fault  movements  have  been  questioned  by  many  authors,  there  is  still  an 
undeniable  fact  that  the  Lower  Palaeozoic  rocks  have  been  brought  up  at  least  to  the  same 
elevation  as  the  Permian  sequence.  The  two  terranes  are  believed  to  have  been  brought  close 
to  each  other  by  the  post-Permian  Kisap  Thrust,  a  fault  complex  which  has  thrust  the  eastern 
block  (i.e.  the  Perlis-Kcdah  terrane)  over  the  western  block  (i.e.  the  West  Langkawi  terrane). 


PERHAPS  the  geology  of  Langkawi  Islands  and 
the  northwest  of  Peninsular  Malaysia  has  been 
more  intensively  studied  than  any  other  parts  of 
Malaysia.  However,  despite  this  large  volume  of 
work,  there  are  still  many  unsolved  problems 
regarding  the  stratigraphical  history  and  structural 
relationships  between  the  various  rock  units.  This 
paper  is  intended  to  revise  some  of  the  existing 
ideas  regarding  the  stratigraphy  and  structural 
relationships  of  the  Upper  Palaeozoic  rock 
formations  in  the  Langkawi  Islands  in  comparison 
with  the  rest  of  the  northwest  of  Peninsular 
Malaysia. 


The  Permian  marine  strata  from  the  northwest 
of  Peninsular  Malaysia  are  probably  the  most 
complete  and  best  exposed  Permian  sequence  in 
the  country  (Fig.  1).  They  are  represented  by  the 
Singa  Formation  (the  top  part)  and  the  Jong 
limestone  in  Langkawi  Islands,  the  top  part  of 
Kubang  Pasu  Formation  in  Perlis  and  mainland 
Kedah,  the  Chuping  Limestone  in  Perlis  and  the 
lower  parts  of  Semanggol  and  Kodiang  Formations, 
both  of  which  were  found  in  mainland  Kedah 
(Fig.  1).  The  lithology  ranges  from  shallow  marine 
elastics  and  carbonates  to  deep  marine  turbidites 
and  chert. 
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Fig.  I.  Geology  of  northwest  Peninsular  Malaysia.  Two  Upper  Palaeozoic  terranes,  the  West  Langkawi  and 
Perlis-Kedah  terranes,  are  differentiated  in  this  paper  based  on  differences  in  stratigraphical  succession,  lithology 
and  palaeontology.  (Geology  after  Jones  1981.) 


The  Langkawi  Islands,  Perlis  and  mainland 
Kedah  has  long  been  considered  as  part  of  a  single 
block  namely  the  Shan-Thai  Block  (Bunopas  1981), 


Sibumasu  Block  (Metcalfe  1984)  or  Sinoburmalaya 
Block  (Gatinsky  &  Hutchison  1986).  Recent  inves¬ 
tigation  on  the  Late  Palaeozoic  marine  sequences 
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from  the  northwest  of  Peninsular  Malaysia, 
however,  has  revealed  significant  lithological  and 
faunal  differences  between  the  Permian  of 
Langkawi  Islands  and  those  of  Perlis  and  north 
Kedah.  These  differences  imply  that  during  the 
Late  Palaeozoic,  there  were  two  contrasting  palaeo- 
geographical  settings  in  the  northwestern  part  of 
Peninsular  Malaysia,  probably  representing  two 
separate  microplates  or  terranes,  which  we  shall 
call  the  West  Langkawi  terrane  and  the  Perlis- 
Kedah  terrane,  respectively.  Interestingly,  the 
boundary  between  the  two  terranes  is  represented 
by  the  debatable  structural  complex  known  as  the 
Kisap  Thrust.  This  fault  complex,  which  cuts 
across  the  eastern  part  of  Langkawi  Islands  is 
dominated  by  reverse  and  thrust  faults,  mostly 
with  westward  tectonic  transport  (Koopmans 
1966;  Kimura  &  Jones  1967;  Gobbett  &  Tjia 
1973  in  Gobbett  &  Hutchison  1973;  Ibrahim 
Abdullah  1985). 

This  paper  describes  the  Permian  rock  sequences 
from  the  northwest  Peninsular  Malaysia  and 
discusses  the  significant  differences  between  the 
Permian  of  Langkawi  Islands  and  the  Permian  from 
the  rest  of  northwest  Peninsular  Malaysia.  It  also 
discusses  the  possible  role  of  the  Kisap  Thrust  in 
bringing  together  the  two  terranes. 


THE  PERMIAN  OF  THE 
WEST  LANGKAWI  TERRANE 

The  Permian  of  Langkawi  Islands  is  essentially 
made  of  the  clastic  Singa  Formation  and  the 
overlying  carbonate  Jong  limestone  (new  name), 
which  was  formerly  considered  as  part  of  the 
Chuping  limestone.  In  order  to  understand  the 
palaeogeographical  setting  of  the  Singa  Formation, 
it  is  essential  to  cover  the  Pre-Permian  part  of 
the  Singa  Formation  and  the  underlying  rock 
formations  as  well. 

The  Singa  Formation 

The  Singa  Formation  was  proposed  by  Jones 
(1981),  but  the  name  was  first  referred  to  in 
Koopmans  (1965)  when  he  discussed  the  structural 
geology  of  northwestern  Peninsular  Malaysia.  It 
consists  mainly  of  argillaceous  and  arenaceous 
rocks  with  limestone  lenses  appearing  towards  the 
top  of  the  formation.  The  age  of  the  formation 
as  proposed  by  Jones  (1981)  ranged  from  late 
Devonian  to  early  Permian.  Jones  (1981)  proposed 
the  late  Devonian  red  mudstone  at  Pulau  Langgun 
and  red  sandstone  at  Pulau  Rebak  as  the  basal  part 


of  the  formation.  The  Pulau  Langgun  red  mud¬ 
stone  unconformably  overlies  the  Lower  Devonian 
Upper  Detrital  Member  of  the  Setul  Formation, 
while  the  Pulau  Rebak  red  to  grey  mudstone  and 
sandstone  overlies,  unconformably,  the  Upper 
Cambrian  Machinchang  Formation.  The  Upper 
Devonian  age  of  the  red  mudstone  of  Pulau 
Langgun  was  confirmed  by  Hamada  (1969),  while 
the  same  age  of  the  red  mudstone  and  sandstone 
of  Pulau  Rebak  was  confirmed  by  Sarkar  (1972) 
and  Yancey  (1972)  through  various  fossil  findings. 

The  absence  of  the  Setul  Limestone  in  the 
southwestern  part  of  Langkawi  Islands  (at  Pulau 
Rebak)  has  become  a  focus  of  discussion  for  many 
years.  Koopmans  (1965)  suggested  a  fault  contact 
between  the  Machinchang  Formation  and  the  Setul 
Limestone,  while  Sartono  (1972)  suggested  the 
boundary  as  an  unconformity.  Ahmad  Jantan 
(1972)  described  the  grey  and  red  mudstone  with 
sandstone  interbeds  yielding  Upper  Devonian 
fossils  at  Pulau  Rebak,  unconformably  overlying 
the  Machinchang  Formation.  Gobbett  (1972) 
excluded  the  red  mudstone  of  Pulau  Langgun  and 
Pulau  Rebak  from  the  Singa  Formation  based  on 
structural  differences  between  them  and  the  rest 
of  Singa  Formation,  hence  proposing  a  separate 
Upper  Devonian  stratigraphic  unit  called  the 
Rebangun  Bed. 

Ahmad  Jantan  (1973,  unpublished)  divided  the 
Singa  Formation  into  four  members,  namely  from 
oldest  to  youngest,  the  Rebak,  Kentut,  Ular  and 
Selang  members.  These  members  were  named  after 
four  separate  islands  (Pulau  Rebak,  Pulau  Kentut, 
Pulau  Ular  and  Pulau  Selang)  in  the  southwestern 
part  of  Langkawi  Islands  (Fig.  2),  with  the  rocks 
gently  dipping  to  the  southeast.  The  Kentut,  Ular 
and  Selang  members  were  mentioned  by  Stauffer 
&  Mantajit  (1981),  who,  however,  referred  to  the 
Rebak  member  as  an  unknown  basal  unit.  Except 
for  the  upper  part  of  the  Selang  Member  which 
has  been  assigned  to  the  Late  Sakmarian  to  Early 
Artinskian  according  to  brachiopods,  bryozoans 
and  an  ammonoid  (see  below),  the  middle  and 
lower  parts  of  the  Singa  Formation  have  not  been 
properly  dated,  although  the  lowest  member  is 
assumed  to  be  of  Upper  Devonian  age. 

The  Rebak  member  is  characterised  by  grey 
and  red  mudstone  with  sandstone  interbeds.  The 
Kentut  member  is  essentially  made  of  black 
mudstone  with  megaclasts,  interbedded  with  sub¬ 
ordinate  sandstones.  Cross-bedding  and  slumping 
are  common  within  the  Kentut  member,  indicating 
a  southeasterly  facing  palacoslope  (Ahmad  Jantan 
1973).  Trace  fossils  are  abundant,  especially  those 
of  paired  vertical  tubes.  The  Ular  member  is 
characterised  by  yellowish  laminated  fine  sand- 
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stone  and  silty  shale  with  abundant  trace  fossils 
but  lacking  megaclasts.  The  Selang  member  is 
made  of  black  mudstone  and  shale  with  several 
heavily  bioturbated  horizons  and  lenses  (and 
‘dumps’)  of  megaclasts.  So  far,  there  is  no  slump 


structure  recorded,  and  cross-bedded  sandstone  is 
restricted  to  the  upper  part  of  the  member.  Several 
limestone  lenses  are  developed  in  this  member. 
The  megaclast-bearing  mudstone  horizons  were 
interpreted  by  Stauffer  &  Mantajit  (1981)  and 
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Stauffer  &  Lee  (1986)  as  of  glacial  origin.  Where 
the  formation  is  overlain  by  the  Jong  limestone  at 
Pulau  Singa  Kechil,  the  top  part  of  the  Selang 
member  is  represented  by  thinly  bedded  siltstone 
and  sandstone  overlying  massive  shale  and  pebbly 
mudstone.  At  the  transition  boundary,  about  one 
metre  of  calcareous  shale  and  fine  sandstone  is 
observed.  This  transition  boundary  and  the  upper¬ 
most  part  of  the  Singa  Formation  is  scarcely 
fossiliferous,  except  for  some  rare  trace  fossils. 

Several  fossiliferous  localities  have  been 
discovered  from  the  Selang  member  of  the  Singa 
Formation.  Jones  et  al.  (1966)  and  Jones  (1981) 
only  mentioned  the  occurrence  of  ?Carboniferous 
brachiopods  from  Pulau  Singa  Besar.  Basir  Jasin 
et  al.  (1992)  recorded  the  occurrence  of  bryozoans 
from  Kilim  (see  Fig.  2)  which  they  considered  to 
be  of  Late  Artinskian  age  based  on  the  presence 
of  Streblascoporci  exillis  Sakagami,  a  species 
originally  described  by  Sakagami  (1970)  from  Ko 
Muk  in  Thailand.  Mohd  Shafcca  Leman  (1996, 
1998),  however,  suggested  that  the  age  of  the 
Kilim  brachiopod  fauna  is  Late  Asselian  to 
Early  Sakmarian,  similar  to  the  brachiopods  from 
Ko  Muk  described  by  Waterhouse  (1982).  The 
Kilim  brachiopod  fauna  was  later  reassessed  by 
Shi  et  al.  (1997)  and  compared  with  another 
brachiopod  fauna  from  Batu  Asah  (see  Fig.  2) 
and  several  other  related  faunas  from  the  peri- 
Gondwanan  region.  This  comparison  suggested 
a  general  Sakmarian  age  for  both  the  Kilim  and 
Batu  Asah  faunas,  with  Late  Sakmarian  being  the 
most  likely  assignment.  This  brachiopod-based 
dating  is  in  good  agreement  with  the  age  indicated 
by  a  recently  discovered  ammonoid  specimen, 
identified  as  Mctalegoceras  sp.  by  Dr  T.  Leonova 
(Palaeontological  Institute  of  Russia)  from  the  Batu 
Asah  locality. 


The  Jong  limestone 

The  name  Jong  limestone  was  proposed  by 
Foo  (1964,  unpublished)  for  the  horizontally 
bedded  Permian  limestone  exposed  in  Jong  Island. 
However,  the  Permian  limestones  in  Langkawi 
islands  were  later  considered  to  be  part  of  the 
Chuping  Limestone  by  Gobbett  (1968),  Jones 
(1981),  Foo  (1983),  Hutchison  (1989),  among 
others.  Although  the  occurrence  of  the  Chuping 
Limestone  in  Langkawi  Islands  was  well  accepted 
in  the  past,  very  little  is  known  about  its  true 
characters,  thus  implying  that  the  limestone  should 
be  very  similar  to  the  Chuping  Limestone  found 
in  Perl  is.  Recent  investigation,  however,  indicated 
that  there  are  significant  differences  between  the 


Permian  limestones  in  Langkawi  Islands  and  those 
found  in  Perlis.  For  this  reason,  we  would  like  to 
reinstate  the  name  Jong  limestone  (after  Pulau  Jong 
where  the  best  section  of  the  Permian  limestone 
is  exposed  in  Langkawi  islands;  see  Fig.  2)  for 
the  Permian  limestones  of  Langkawi  Islands. 

The  Jong  limestone  can  be  described  as 
predominantly  thinly  bedded  dark  grey  limestone 
with  numerous  chert  lenses  and  occasional  thickly 
bedded  limestone.  However,  in  many  places  in  the 
Langkawi  main  island  and  Pulau  Dayang  Bunting 
the  limestones  have  been  metamorphosed  and 
crystallised,  giving  a  very  contrasting  appearance 
to  the  resultant  marbles.  The  Langkawi  Marble, 
one  of  the  best  known  commercial  names,  is  well 
known  for  its  white  color  and  is  thought  to  be 
represented  by  the  so-called  ‘Chuping  Limestone’ 
from  Pulau  Dayang  Bunting. 

The  basal  part  of  the  Jong  limestone  is  exposed 
at  Pulau  Singa  Besar  and  at  Pulau  Singa  Kechil 
(Fig.  2),  where  a  transitional  boundary  is  seen 
between  the  underlying  Singa  Formation  and  this 
formation.  Ahmad  Jantan  (1973,  unpublished) 
noticed  that  the  basal  part  of  the  so-called  ‘Chuping 
Limestone’  at  Pulau  Singa  Kechil  has  many  chert 
lenses,  which  could  imply  a  rather  deeper  water 
environment  at  the  time  of  deposition.  The  presence 
of  the  cherts  has  been  confirmed  during  a  recent 
visit  at  Pulau  Singa  Kechil,  Pulau  Jong  and  at 
Belanga  Pechah  in  Langkawi  main  Island.  Further¬ 
more,  the  limestone  al  these  localities  is  also 
generally  dark  in  color  and  thinly  bedded.  The 
upper  boundary  of  this  limestone  is  not  known. 

From  the  Jong  limestone,  Sakagami  (1963) 
has  reported  the  occurrence  of  Late  Artinskian 
bryozoans.  Jones  et  al.  (1966)  and  Jones  (1981) 
reported  the  occurrences  of  Permian  brachiopods, 
corals  and  foraminifera  from  Pulau  Singa  Besar, 
Pulau  Jong  and  the  Kisap  area.  It  should  be  noted 
that  the  limestone  at  Pulau  Jong  is  positioned  at 
least  several  tens  of  metres  above  the  base  of  the 
formation,  thus  the  basal  part  of  the  Jong  limestone 
exposed  at  Pulau  Singa  Besar  and  Pulau  Singa 
Kechil  should  be  relatively  older  than  those  of 
Pulau  Jong. 


THE  PERMIAN  OF  THE 
PERLIS-KEDAH  TERRANE 

The  Permian  of  mainland  northwest  Peninsular 
Malaysia  is  made  of  clastic  Kubang  Pasu  and 
Scmanggol  Formations  and  the  carbonate  Chuping 
and  Kodiang  Limestone  formations. 


410 


MOHD  SHAFEEA  LEMAN  AND  G.  R.  SHI 


The  Kubang  Pasu  Formation 

The  Kubang  Pasu  Formation  is  a  late  Devonian- 
Early  Permian  argillaceous-arenaceous  rock  for¬ 
mation  exposed  especially  in  the  Kubang  Pasu 
district  in  Kedah  and  Perlis  (Jones  1981).  Part  of 
the  formation  exposed  in  northwest  Perlis  was 
considered  by  Jones  (1981)  as  belonging  to  the 
Singa  Formation.  The  basal  part  of  the  formation 
rests  unconformably  on  the  palaeokarstic  topog¬ 
raphy  of  the  underlying  Setul  Limestone  at  Wang 
Kelian,  near  the  Malaysian-Thailand  border.  Lee 
&  Azhar  Hussin  (1991)  proposed  the  name  Wang 
Kelian  redbed  for  this  unit  and  considered  them 
to  belong  to  a  separate  upper  Devonian  interval. 
Several  other  so-called  redbeds  are  exposed  along 
the  eastern  margin  of  the  limestone  range  which 
form  the  western  boundary  of  Perlis  State,  including 
those  at  Guar  Jentik  and  at  Utan  Aji.  The  basal 
part  of  Kubang  Pasu  Formation  is  made  of  richly 
fossiliferous  mudstone  interbcdded  with  Fine  sand¬ 
stone,  overlain  by  a  thick  massive  mudstone.  The 
red  color  of  the  mudstone  is  believed  to  be  a 
result  of  weathering,  because  some  very  fresh 
outcrops  normally  reveal  a  dark  grey  mudstone 
core  enveloped  by  greenish  grey  to  yellowish  or 
reddish  mudstone.  The  middle  part  of  the  formation 
is  not  very  well  documented,  but  Jones  (1981) 
mentioned  that  the  bulk  of  the  formation  is  pre¬ 
dominantly  arenaceous.  The  top  part  of  Kubang 
Pasu  Formation  is  predominantly  made  of  thin  to 
thickly  bedded  Fine  sandstone,  with  subordinate 
shale,  siltstone,  calcareous  sandstone  and  lime¬ 
stone  lenses.  The  transitional  upper  boundary 
towards  the  Chuping  Limestone  Formation  is  well 
exhibited  along  the  Bukit  Manek-Bukit  Temiang 
ridge  in  Perlis  and  various  other  limestone  hills 
along  the  same  (roughly  trending  north-south) 
strike  ridge.  At  this  transition  boundary,  thickly 
bedded  medium  to  coarse-grained  calcareous  sand¬ 
stone  is  consistently  developed,  the  total  thickness 
of  which  often  reaches  10  metres  or  more.  In 
Kedah,  the  upper  part  of  the  Kubang  Pasu 
Formation  is  overlain  by  the  Permo-Triassic 
Semanggol  Formation. 

Several  fossiliferous  horizons  appear  at  the  tran¬ 
sitional  boundary  between  Kubang  Pasu  Formation 
and  Chuping  Limestone  and  the  underlying  sand¬ 
stones,  where  different  fossil  assemblages  normally 
dominate  different  horizons.  Among  the  most 
common  fossils  found  are  fusulinids  (Newton  1926; 
Basir  Jasin  &  Koay  1990;  Basir  Jasin  1991), 
brachiopods  (Ishii  et  al.  1972)  and  crinoids. 

The  Chuping  Limestone 

The  Chuping  Limestone  was  proposed  by  Jones 


(1981)  for  the  Permo-Triassic  Limestone  in  north¬ 
west  Peninsular  Malaysia,  including  those  described 
as  Kodiang  Limestone  and  Jong  limestone  in  this 
paper.  The  formation  is  generally  made  of  thickly 
bedded  to  massive  crystalline  limestone,  light  in 
color.  It  is  exposed  at  several  limestone  hills  or 
mogotes  in  Perlis,  arranged  in  two  separate  ridges. 
The  type  locality  of  the  formation  is  at  Bukit 
Chuping  in  Perlis.  The  Chuping  Limestone  is  con¬ 
formably  underlain  by  the  Kubang  Pasu  Formation. 
The  transitional  or  passage  beds  between  the 
Kubang  Pasu  Formation  and  the  Chuping  Lime¬ 
stone  yields  several  fossiliferous  horizons  as 
described  earlier.  The  Chuping  Limestone  yields 
various  faunas  including  some  Permian  corals  and 
foraminiferas  reported  by  Jones  et  al.  (1966)  and 
Jones  (1981).  Triassic  algae  has  also  been  reported 
from  the  upper  part  of  the  formation  by  Fontaine 
et  al.  (1986). 


The  Kodiang  Limestone 

The  limestones  exposed  in  the  vicinity  of  Kodiang 
(Kedah)  were  considered  as  part  of  the  Chuping 
Limestone  by  Jones  (1981)  and  Fontaine  et  al. 
(1986).  The  Permian  to  Triassic  Kodiang  Lime¬ 
stone  (DeCoo  &  Smit  1975)  is  mainly  made  of 
thin  to  thickly  bedded  limestone  and  often  contains 
chert  nodules  and  chert  interbeds.  While  most  of 
the  formation  is  of  Triassic  age,  the  basal  part  is 
believed  to  be  Late  Permian  (Metcalfe  1981).  This 
limestone  formation  might  be  a  lateral  equivalent 
of  the  Chert  member  of  the  Semanggol  Formation 
which  is  now  extended  to  Permian  age. 


The  Semanggol  Formation 

The  Semanggol  Formation  was  introduced  by 
Alexander  (1959)  and  was  divided  by  Burton  (in 
Gobbett  &  Hutchison  1973)  into  three  members, 
namely  the  chert,  rhythmite  and  conglomerate 
members.  While  Burton  (in  Gobbett  &  Hutchison 
1973)  suggested  that  the  Chert  member  is  the 
oldest  of  all  members,  Abdul  Rahim  Samsudin 
et  al.  (1991)  mentioned  that  all  the  three  members 
are  of  lateral  equivalence  and  have  the  same  age 
range.  However,  recently  Sashida  et  al.  (1995) 
discovered  Middle  and  Late  Permian  radiolaria 
and  Basir  Jasin  (1996)  discovered  Early  Permian 
radiolaria  from  the  Chert  Member  of  the  formation. 
This  has  confirmed  that  the  chert  member  is  older 
than  the  other  members,  extending  the  age  of  the 
Semanggol  Formation  to  as  early  as  Early  Permian. 
This  lower  part  of  the  Semanggol  Formation  also 
contains  deep-water  limestone  interbcdded  with 
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chert,  sandstone  and  tuff.  The  available  palaeonto¬ 
logical  data  indicate  that  the  other  two  members 
are  of  Middle  to  Late  Triassic  age. 


THE  KISAP  THRUST  AND 
ITS  GEOLOGICAL  SIGNIFICANCE 

The  Kisap  thrust  which  runs  across  the  eastern 
part  of  Langkawi  Islands  is  probably  the  best 
known  large-scale  thrust  fault  in  Peninsula  Malaysia 
(Fig.  1).  The  name  Kisap  Thrust  was  introduced 
by  Koopmans  (1965)  as  a  low  angle  thrust  fault 
with  a  rather  sinuous  (roughly  N-S)  orientation 
from  Teluk  Air  Taun,  the  southern  tip  of  Pulau 
Dayang  Bunting  to  Pulau  Dangli  in  the  north 
(Fig.  3).  The  fault  separates  the  highly  deformed 
Lower  Palaeozoic  rock  formations  on  the  east  and 
the  relatively  undeformed  Upper  Palaeozoic  rocks 
on  the  west.  Along  this  thrust  the  Ordovician- 
Silurian  Setul  Limestone  were  thrust  over  the  top 
of  the  Singa  Formation  or  the  Jong  Limestone  in 
the  west  (Fig.  4).  There  are  several  granite 
intrusions  found  along  this  fault  line.  The  age  of 
this  fault  as  suggested  by  Koopmans  (1965)  is 
post-Permian  and  pre-granitic  intrusion.  Some 
supporting  evidence  of  this  thrust  fault  was  figured 
by  Kimura  &  Jones  (1967),  while  giving  a  slightly 
different  view  on  the  mechanism  of  faulting  at 
Teluk  Air,  north  of  Pulau  Dayang  Bunting.  Gobbctt 
&  Tjia  (in  Gobbett  &  Hutchison  1973)  mentioned 
that  the  Kisap  Thrust  was  arched  by  the  granite 
intrusion,  while  giving  a  more  precise  age  of  the 
thrusting,  which  is  Upper  Permian  to  Lower 
Triassic.  Ibrahim  Abdullah  (1985)  described  several 
thrust  and  high  angle  reverse  faults  from  the  eastern 
part  of  Langkawi  Islands,  disputing  the  position 
and  nature  of  the  northern  extension  of  Kisap 
Thrust  fault.  Low  angle  thrust  faults  were  also 
observed  at  Pulau  Timun  by  Koopmans  (1965) 
and  Ibrahim  Abdullah  (1985).  Tjia  (1993)  also 
documented  the  presence  of  thrust  faults  along  the 
Kisap  Thrust  at  Hosna  Quarry  in  Kampung  Kilim 
as  well  as  at  Teluk  Air  Taun. 

Tan  (1981),  however,  questioned  the  role  of  the 
Kisap  Thrust  as  a  major  fault  in  the  development 
of  the  geology  of  Peninsular  Malaysia.  He  pointed 
out  that  there  arc  more  occurrence  of  high  angle 
reversed  faults  than  the  actual  thrust  faults.  In 
summary.  Tan  (1981)  discussed  the  speculative 
nature  of  the  fault  and  the  need  for  a  better 
stratigraphic  control  for  various  scattered  faulting- 
created  blocks.  Perhaps,  the  comparison  between 
the  geology  of  the  areas  separated  by  this  faulted 
zone  outlined  and  discussed  in  this  paper  will  bring 


further  understanding  about  the  stratigraphy  of 
northwest  Peninsular  Malaysia  and  the  significance 
of  the  Kisap  Thrust. 

Regarding  the  high  angle  reverse  faults,  we 
believe  that  some  of  these  high  angle  reverse  faults 
probably  resulted  from  the  tilting  of  the  originally 
low  angle  thrust  faults  during  the  later  granitic 
emplacement.  The  higher  dip  of  the  Singa 
Formation  on  the  eastern  and  southern  flank  of 
the  Gunung  Raya  granite  compared  to  those 
from  southwestern  part  of  Langkawi  Islands, 
suggests  that  the  Gunung  Raya  and  other  related 
intrusions  have  to  some  extent  altered  the  pre¬ 
granite  structures.  Much  reconstruction  works  are 
therefore  needed  before  the  complete  scenario  of 
the  faulting  mechanisms  can  be  deduced. 

On  the  supposed  northern  extension  of  the 
Kisap  Thrust  at  Pulau  Dangli,  there  is  a  question 
regarding  the  small  exposure  of  the  Setul  Limestone 
at  Teluk  Kubang  Badak,  on  the  western  side  of 
the  Kisap  thrust  line  (Fig.  3).  On  the  one  hand, 
the  presence  of  this  limestone  may  indicate  that 
the  area  east  and  west  of  the  Kisap  Thrust  fault 
came  from  the  same  origin,  hence  belonging  to 
the  same  terrane.  On  the  other  hand,  considerable 
uncertainties  remain  over  the  structural  and 
biostratigraphical  identity  of  this  so-called  Setul 
Limestone  outcrop.  Firstly,  questions  remain  on  the 
position  and  nature  of  the  northernmost  extensions 
of  the  Kisap  Thrust  fault  as  pointed  out  by  Ibrahim 
Abdullah  (1985).  Secondly,  Ibrahim  Abdullah 
(1983)  has  reported  several  recumbent  folds  within 
the  Setul  Limestone  outcrop  at  Teluk  Kubang 
Badak  and  compared  them  with  thrust-related 
recumbent  folds  from  Pulau  Pasir,  east  of  Pulau 
Dangli.  Furthermore,  Ahmad  Jantan  et  al.  (1989) 
mentioned  that  the  detrita!  member  of  the  Setul 
Limestone  at  Teluk  Kubang  Badak  has  a  very  con¬ 
trasting  structural  style  compared  to  other  detrital 
members  of  Setul  Formation  found  on  the  east  of 
Kisap  Thrust.  Clearly,  there  is  a  need  for  further 
detailed  study  on  the  ‘Setul  Limestone’  at  Teluk 
Kubang  Badak,  especially  its  age  and  structural 
relationship  with  the  type  Setul  Limestone  east  of 
the  Kisap  Thrust  line. 


Lithological  and  faunal  comparisons 

This  study  has  shown  that  the  Upper  Palaeozoic 
(Permo-Carboniferous)  rocks  and  successions  from 
the  West  Langkawi  terrane  (areas  west  of  the  Kisap 
Thrust)  differ  quite  significantly  from  their  lateral 
equivalents  in  the  Perlis-Kcdah  terrane  (Fig.  4). 
For  comparison,  the  lithological  and  faunal 
differences,  especially  those  between  the  Singa 


412 


MOHD  SHAFEEA  LEMAN  AND  G.  R.  SHI 


KM 


SctuI  Lst. 
(detrital  member) 


Pulau 

Singa 

Besar 


1000  m 


Pu.au—  “'SAP 
Dayang  THRUST 
Bunting 


500 


Gunung  Raya 


//////. 

\  \  V  \  \  N  % 

.  .  /////// 

\S\SS\\\N  .  . 

’////////✓/ 
\S\SNS\SS\ 
///////('////. 
\NS\N\\\N\\N\ 
///////////<'. 
\\N\N\NN\\\NN 
////////////.  .  .  . 
\SS\\\NNN\N\\N\\N 
////////////////, 

////////////////// 


MSL 


B 


1000  m 


500- 


Gunung  Raya 


\  N 

✓  ✓  i  ......  _ 

/////////. 

S\SNNN\\\S  . 

/sss/ssst/ss 

'✓✓✓/////////. 
\SN\NNN\NN\N\-*> 
//////////////. 

.  - 

///’//////////////. 
\SN.\SS\\\N\SN\\\\N 
///////////////>//.  -  , 
N  N  N  N  S  N  N  #S  V  N  >  \  .N  ,\  .S  .C 

A 


MSL 


-500  m 


Pula  Dayang  Bunting 


P.  Singa  Besar 


-OSW 


MSL 


D 


E 


THE  PERMIAN  OF  LANGKAWI  ISLANDS  AND  NORTHWEST  PENINSULAR  MALAYSIA 


413 


Fig.  4.  A  comparison  of  the  general  stratigraphy  below  and  above  the  Kisap  Thrust  in  northwest  Peninsular 
Malaysia  and  Langkawi  Islands.  Note  the  differences  in  stratigraphical  succession,  lithology  and  palaeontology 
between  the  two  terranes  (see  text  for  more  details). 


Formation  and  Kubang  Pasu  Formation  and 
between  the  Jong  Limestone  and  the  Chuping 
Limestone,  will  be  discussed  in  detail. 

Singa  Formation  vs  Kubang  Pasu  Formation. 
Previous  studies  of  various  fossil  groups  contained 
in  the  Singa  and  Kubang  Pasu  Formations  indicate 


these  two  units  were  contemporarily  deposited 
as  shallow  marine  sediments  from  Late  Devonian 
to  Early  Permian  time.  Although  they  share 
some  broad  lithological  characteristics,  differences 
between  them  are  also  significant,  suggesting  that 
the  two  formations  were  probably  deposited  in  two 
rather  contrasting  geological  settings. 


Fig.  3.  Schematic  cross-sections  through  the  Kisap  Thrust  in  eastern  and  southeastern  Langkawi  Islands,  showing 
the  relationship  between  various  rock  formations  with  respect  to  the  Kisap  Thrust.  Note  that  the  vertical  scale  has 
been  exaggerated  with  respect  to  the  horizontal  scale. 
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The  lower  and  upper  boundaries.  The  differences 
are  manifested  in  a  number  of  respects.  First,  the 
supposed  basal  part  of  the  Singa  Formation  (i.e. 
the  Rebak  member)  rests  unconformably  on  the 
Upper  Cambrian  Machinchang  Formation,  while 
the  Kubang  Pasu  Formation  overlies,  also 
unconformably,  the  Ordovician-Lower  Devonian 
Setul  Formation  (Fig.  4).  The  red  bed  of  Pulau 
Langgun  is  a  problematic  unit  because  it  is  not 
succeeded  by  a  proper  sequence  of  the  Singa  or 
Kubang  Pasu  Formations.  Therefore,  it  is  rather 
speculative  to  consider  this  faulted  block  to  be  the 
basal  part  of  the  Singa  Formation  as  proposed  by 
earlier  authors  including  Jones  (1981),  Gobbett  (in 
Gobbelt  &  Hutchison  1973),  among  others.  This 
block  is  probably  formed  as  isolated  Late  Devonian 
rocks  faulted  against  older  rock  units.  The  lithology 
and  faunal  assemblage  of  this  red  bed  seems  to 
be  closer  to  the  basal  part  of  the  Kubang  Pasu 
Formation  at  Wang  Kelian,  Guar  Jentik  and  Utan 
Aji  in  Perlis. 

The  metamorphosed  and  folded  terrigenous 
rock  units  exposed  on  the  east  of  Pulau  Tuba 
interpreted  by  Wong  et  al.  (1973,  1973b)  as  part 
of  Carboniferous  Singa  Formation  and  Upper 
Devonian  Rebangun  bed  has  been  refuted  by 
Ibrahim  Abdullah  (1987)  and  Ahmad  Jantan  et  al. 
(1989).  These  later  authors  supported  Jones’  (1981) 
earlier  interpretation  that  these  rocks  belonged  to 
the  detrital  member  of  the  Setul  Limestone.  Ibrahim 
Abdullah  (1987)  interpreted  that  the  pebble-bearing 
siltstone-sandstonc  units  on  the  southeast  of  Pulau 
Tuba  belongs  to  the  Lower  detrital  member  of  the 
Setul  Limestone,  while  the  quartzite  at  the  Tanjung 
Peluru  belongs  to  the  Upper  detrital  member  of 
the  same  formation.  Ahmad  Jantan  et  al.  (1989) 
renamed  these  terrigenous  rocks  as  the  Peluru 
Member. 

Both  the  Singa  and  Kubang  Pasu  Formations 
were  thought  to  be  overlain  conformably  by  the 
Chuping  Limestone  with  a  very  well-defined 
transitional  nature.  The  present  study,  however, 
indicates  that  although  the  Singa  and  Kubang 
Pasu  Formations  are  both  overlain  by  limestone 
formations,  the  upper  part  of  the  Singa  Formation 
is  more  argillaceous  in  nature  than  that  of  the 
Kubang  Pasu  Formation.  Furthermore,  the  cal¬ 
careous  transition  boundary  between  the  Kubang 
Pasu  Formation  and  the  Chuping  Limestone  is 
much  thicker  and  more  fossiliferous  than  that 
of  the  Singa  Formation-Jong  Limestone  boundary. 
These  phenomena  imply  that  the  Singa  Formation- 
Jong  Limestone  boundary  was  deposited  in 
a  relatively  deeper  water  environment  than 
the  Kubang  Pasu  Formation-Chuping  Limestone 
boundary. 


Late  Palaeozoic  glacial  diamictites.  In  Peninsular 
Malaysia,  the  occurrence  of  glacial  diamictites  is 
restricted  to  the  Singa  Formation,  within  its  Kentut 
and  Selang  members  (Stauffer  &  Mantajit  1981; 
Stauffer  &  Lee  1986;  Mohd  Shafeea  Leman  1997), 
whereas  the  Ular  member  in  between  does  not 
contain  any  genuine  glacial  diamictites.  In  this 
case,  the  Ular  member  might  represent  a  shallower 
depositional  setting,  probably  corresponding  to  the 
maximum  (Asselian)  glaciation  of  Gondwana.  The 
glacial  diamictites  of  the  Singa  Formation  form 
a  part  of  a  much  more  extensive,  approximately 
north-south  trending,  Late  Palaeozoic  terrane, 
extending  south  from  Sumatra  through  Langkawi 
Islands,  southern  Thailand,  eastern  and  peninsular 
Myanmar  north  to  the  Tengchong  and  Baoshan 
blocks  of  western  Yunnan  (Stauffer  &  Mantajit 
1981;  Tantiwanit  et  al.  1983;  Stauffer  &  Lee  1986; 
Metcalfe  1989;  Jin  1994).  Surprisingly,  however, 
the  glacial  diamictite  unit  is  absent  from  Singa 
Formation’s  nearest  lateral  equivalent,  the  Kubang 
Pasu  Formation,  in  Perlis  and  Kedah,  which  was 
once  thought  to  be  part  of  the  same  formation 
(Jones  1981;  Foo  1983).  The  absence  of  the  pebbly 
mudstones  from  the  middle  part  of  the  Kubang 
Pasu  Formation  perhaps  can  still  be  debated 
because  of  the  lack  of  exposure.  However,  the 
upper  part  of  the  Kubang  Pasu  Formation 
(equivalent  to  the  Selang  member  of  the  Singa 
Formation)  which  is  well  exposed  at  several 
localities  in  Perlis  and  Kedah  is  also  devoid  of 
any  pebbles  or  pebbly  mudstones. 

Sedimentary  structures.  Cross-stratification  and 
slump  structures  are  usually  abundant  in  the  pebbly 
mudstones  of  the  Kentut  member  of  the  Singa 
Formation  (?Late  Carboniferous  in  age),  while  the 
correlative  massive  mudstones  of  the  Kubang  Pasu 
Formation  in  Kaki  Bukit-Wang  Kelian  area  are 
lacking  these  sedimentary  structures.  This  may 
indicate  that  during  ?Carboniferous  time,  the  Singa 
Formation  was  deposited  on  an  unstable  platform, 
while  the  Kubang  Pasu  Formation  was  deposited 
in  a  more  stable  environment.  On  the  other  hand, 
slump  structures  which  are  not  recorded  in  the 
upper  part  of  the  Singa  Formation  are  very  common 
in  the  upper  part  of  the  Kubang  Pasu  Formation, 
implying  that  the  depositional  environment  of  the 
Kubang  Pasu  Formation  had  become  unstable 
during  Early  Permian,  when  the  correlative  part  of 
the  Singa  Formation  was  being  deposited  on  a 
more  stable  platform. 

The  faunas.  Practically,  comparing  the  faunas  is 
a  very  difficult  task  since  we  cannot  get  faunas 
of  exactly  the  same  age  to  be  compared  with. 
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For  this  reason,  we  have  generalised  known  faunal 
assemblages  for  tentative  comparison.  The  upper 
part  of  both  formations  is  known  to  be  rich  in 
Lower  Permian  fossils,  but  with  significantly 
different  types.  In  Langkawi  Islands,  the  Singa 
Formation  is  dominated  by  bryozoans  and 
brachiopods,  with  bryozoan  colonies  commonly 
forming  limestone  lenses.  In  particular,  brachiopods 
usually  dominate  the  pebbly  mudstones  and  bear 
a  clear  Gondwanan  affinity  (Shi  et  al.  1997). 
Fusulinids  are  noticeably  missing  from  the  Singa 
Formation.  The  Lower  Permian  of  Kubang  Pasu 
Formation,  on  the  other  hand,  is  very  rich  in 

fusulinids  and  brachiopods,  and  the  limestone 
lenses  on  its  upper  part  are  either  made  of 

fusulinids  or  brachiopods  or,  sometimes,  crinoids. 
Of  note  is  the  occurrence  of  Monodiexodina  from 
the  upper  part  of  the  Kubang  Pasu  Formation 

(Basir  Jasin  1991).  As  discussed  by  Shi  et  al. 
(1995),  Monodiexodina  is  a  key  clement  of  the 
mid-Permian  southern  transitional  biota,  or  the 
Sibumasu  biotic  province  of  the  Cimmerian  Region 
(Grunt  &  Shi  1997),  probably  characterising  a 

mid-Permian  mcso-thcrmal  climatic  belt  in  the 
Southern  Hemisphere  (Shi  el  al.  1995).  The  recent 
discovery  of  Metalegoceras  sp.  from  the  Selang 
Member  of  the  Singa  Formation  at  Batu  Asah, 
Langkawi  main  island,  is  also  notable.  This 
ammonoid  species,  indicating  a  Late  Sakmarian  to 
Early  Artinskian  age  (T.  Leonova,  pers.  comm. 
1997)  is  presumably  comparable  with  Meta¬ 
legoceras  cf.  involuta  (Haniel)  reported  by  Burrett 
et  al.  (1997)  from  the  upper  Phuket  Group  of 
southern  Thailand. 


Jong  Limestone  vs  Chuping  Limestone 
and  other  formations 

The  Early  Permian  limestones  in  northwest 
Peninsular  Malaysia  (i.e.  the  Chuping  and  Jong 
limestones)  were  considered  to  be  contemporane¬ 
ously  deposited  (see  Jones  1981).  The  lower  part 
of  the  Jong  Limestone  is  mainly  made  of  thinly 
bedded  dark  grey  limestone  with  numerous  chert 
nodules  or  lenses.  In  contrast,  the  lower  part  of 
the  Chuping  Limestone  is  made  of  thickly  bedded 
to  massive,  light-colored  crystalline  limestone.  This 
may  indicate  that  the  Chuping  Limestone  is  a  very 
shallow-water  carbonate  unit,  while  the  Jong 
Limestone  probably  represents  a  relatively  deeper- 
water  deposit.  The  age  of  deep-water  limestones 
found  within  the  Scmanggol  Formation  and 
Kodiang  limestones  in  Kedah  is  much  younger 
than  the  Jong  Limestone. 


Igneous  intrusions  and  metamorphism 

Except  for  the  major  Gunung  Raya  granite  in¬ 
trusion,  most  other  igneous  intrusions  in  Langkawi 
Islands  seem  to  be  related  to  the  Kisap  Thrust 
(Fig.  3).  The  largest  granitic  emplacement  (i.e. 
the  Gunung  Raya  granite)  which  is  situated  on 
the  western  side  of  the  Kisap  Thrust  (Fig.  3)  has 
turned  the  capping  Singa  Formation  to  homfels. 
This  granite  has  also  arched  the  Kisap  Thrust  fault 
(Koopmans  1965;  Gobbett  &  Tjia  [in  Gobbett  & 
Hutchison  1973])  and  increased  the  dip  angle  of 
the  thrust.  Other  minor  intrusions  along  or  beside 
the  postulated  fault  lines  have  also  changed  the 
limestone  host  rocks  into  marble. 

Beside  this  contact  metamorphism,  the  area 
west  of  the  Kisap  Thrust  is  generally  less 
metamorphosed  compared  to  the  area  east  of  it. 
Some  Upper  Cambrian  rocks  like  those  of  Pulau 
Jemuruk  have  hardly  been  metamorphosed,  while 
the  fine-grained  sediments  at  the  core  of  the 
Cambrian  Machinchang  Formation  in  Datai  area 
is  only  slightly  metamorphosed  to  slate.  The 
degree  of  metamorphism  in  the  area  east  of  the 
Kisap  Thrust  varies  from  place  to  place,  with 
the  severely  faulted  areas  displaying  a  higher 
degree  of  metamorphism.  The  faulted  Silurian 
detrital  member  of  the  Setul  Formation,  such  as 
at  Teluk  Air  Taun  and  Pulau  Timun  has  been 
turned  to  phyllite  with  several  metre  thick  milonitic 
zone  and  drag  folds  (Ibrahim  Abdullah  1985;  Tjia 
1993),  probably  due  to  the  fault  movement.  The 
faulted  limestone  at  Belanga  Pechah  and  at 
Kampung  Kilim  (Hosna  Quarry)  were  brecciated 
as  well  as  milonitised. 


SUMMARY  AND  DISCUSSION 

The  Permo-Carboniferous  sequence  of  the  West 
Langkawi  terrane  (i.e.  area  west  of  the  Kisap 
Thrust)  is  significantly  different  from  that  of  the 
Perlis-Kcdah  terrane  located  cast  of  the  Kisap 
Thrust  (mainly  in  Kedah  and  Pcrlis  on  mainland 
Peninsular  Malaysia).  We  believe  that  the  Singa 
Formation  which  has  in  many  aspects  close 
affinities  with  Gondwanan  and  pcri-Gondwanan 
formations  was  probably  not  deposited  in  the  same 
tectonic  or  depositional  setting  as  the  Kubang  Pasu 
Formation.  The  Singa  Formation,  containing  glacial 
diamiclites  and  cool-water,  Gondwana-type  Early 
Permian  faunas,  suggests  a  palaeogeographical 
setting  bordering  northern  Gondwana  during  the 
Permo-Carboniferous  time,  while  the  Kubang 
Pasu  Formation  embedded  with  temperate,  more 
warm-water,  faunas  (e.g.  Monodiexodina)  probably 
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implies  a  more  northerly  palaeogeographical 
position,  closer  to  the  palaeo-tropical  Cathaysian 
Province. 

The  contrasting  nature  between  the  Singa  and 
Kubang  Pasu  Formations  cannot  be  accounted  for 
by  the  concept  of  facies  change  because  the  two 
formations  do  not  form  spacially  continuous  out¬ 
crops  in  northwest  Peninsular  Malaysia;  rather, 
they  are  separated  by  the  Ordovician  to  Devonian 
Setul  Limestone  and  the  Kisap  Thrust.  In  addition, 
it  is  considered  highly  unlikely  that  two  distinct 
faunas,  one  suggesting  strong  Gondwanan  affinity 
(the  Singa  fauna)  and  a  temperate  fauna  (the 
Monodiexodina  fauna  of  the  Kubang  Pasu 
Formation)  could  form  side  by  side  within  a 
distance  less  than  50  km  (i.c.  the  modem  distance 
between  the  Singa  Formation  of  Langkawi  Islands 
and  the  Kubang  Pasu  Formation  on  mainland 
Peninsular  Malaysia).  We  therefore  prefer  to  con¬ 
sider  the  Singa  Formation  along  with  the  overlying 
Jong  Limestone  were  deposited  in  a  separate  tcrranc 
or  basin  from  that  of  the  Kubang  Pasu  Formation 
and  associated  Chuping  Limestone,  and  that  the 
two  sets  of  strata  were  brought  closer  by  the  Kisap 
Thrust.  At  the  present,  it  is  difficult  to  estimate 
the  amount  of  displacement  likely  brought  about 
by  the  thrust,  but  the  generally  much  younger  age 
of  the  fault  inlier  on  the  western  side  of  the  Kisap 
Thrust  indicates  significant  uplift  of  the  older  block 
(i.e.  the  Setul  Limestone)  on  the  eastern  side  of 
the  thrust. 

To  this  regard,  it  is  appropriate  to  note  a  possible 
regional  connection  of  the  Kisap  Thrust  and 
correlation  of  the  Singa  Formation  and  the  Jong 
Limestone  with  similar  rock  formations  in  the 
Southeast  Asian  region.  Brookfield  (1992) 
suggested  that  the  Permo-Carboniferous  pebbly 
mudstones  in  Southeast  Asia  may  comprise  a 
distinct  terrane.  Mitchell  (1992)  also  questioned  the 
previously  thought  comparable  origin  of  the  pebbly 
mudstones  with  the  other  components  of  the  Shan- 
Thai  block  and  proposed  that  the  pebbly  mudstones 
was  an  allochthonous  Gondwanan  terrane  thrust 
onto  the  Shan-Thai  block  during  the  Late  Triassic- 
Early  Jurassic.  It  is  obvious  that  both  Brookfield 
and  Mitchell’s  conceptions  are  supported  by  the 
data  presented  in  this  paper  from  northwestern 
Malaysia.  We  note,  however,  that  our  projection  of 
a  westward  thrust  of  the  Kisap  fault  is  in  direct 
contrast  to  the  supposedly  along-strike,  but  eastward 
emplacement  of  the  pebbly  mudstones  onto  the 
Shan-Thai  block  in  Thailand  as  suggested  by 
Mitchell  (1992).  This  problem  underlines  the  fact 
that  the  true  nature  of  the  Kisap  Thrust  is  still 
very  much  uncertain  and  requires  more  detailed 
field  work  and  regional  correlation. 
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Small,  low  diversity  conodont  faunas  have  now  been  recovered  from  the  Early  to  Middle 
Permian  (Cisuralian-Sakmarian  to  Guadalupian-Capitanian)  of  Western  Australia.  These  faunas 
negate  earlier  suggestions  that  there  might  be  no  conodonts  in  the  cool  water  high  palaeo- 
latitude  (up  to  60°S)  basins  of  the  post-glacial  Permian  of  the  Southern  Carnarvon  and  Canning 
Basins.  Species  of  the  genera  Hindeodus  and  Vjalovognathus  appear  to  be  cool-temperature 
tolerant  forms  that  were  the  first  conodonts  to  invade  these  marine  shelf  environments  after 
the  Late  Carboniferous-Early  Permian  glaciation.  Faunas  of  similar  age  from  Timor,  at  a 
palaeolatitude  of  about  45°S,  show  significantly  greater  faunal  diversity. 

Conodonts  in  the  Southern  Carnarvon  Basin  have  been  recovered  from  the  Callytharra, 
Coyrie  and  Wandagcc  Formations  and  the  Coolkilya  Sandstone.  The  Callytharra  Formation 
fauna  consists  of  Vjalovognathus  australis  sp.  nov.  and  Hindeodus  sp.  and  correlates  with  the 
Mesogondolella  bisselli-Sweetognathus  inomatus  Zone  (Sakmarian  to  Artinskian).  The  Coyrie 
Formation  contains  V.  sbindyensis  and  Hindeodus  sp.  and  is  assigned  to  the  Mesogondolella 
idahoensis-Vjalovognathus  sltindyensis  Zone  (Kungurian).  The  Wandagee  Formation  and  the 
Coolkilya  Sandstone  contain  only  elements  of  Vjalovognathus  sp.  nov.  A,  for  which  a  tentative 
assignment  to  the  Mesogondolella  nankingensis  Zone  can  be  made.  Associated  ammonites  in 
the  Coolkilya  Sandstone  indicate  a  Roadian  (Ufimian)  age  for  the  upper  limit  of  this  taxa. 

In  the  Canning  Basin  the  conodont  fauna  found  in  the  Noonkanbah  Formation 
contains  Mesogondolella  idalwensis,  V.  sbindyensis  and  Hindeodus  sp.  and  is  assigned  to  the 
Mesogondolella  idahoensis-Vjalovognathus  sbindyensis  Zone  of  Kungurian  age. 

The  genus  Vjalovognathus  evolved  from  the  general  lineage  of  ‘naked’  gondolellids  of  the 
Late  Pennsylvanian,  from  forms  like  Gondolella  postdenuda  von  Bitter  &  Merrill,  with  the 
development  of  a  scaphate  aboral  surface.  Vjalovognathus  australis  from  the  late  Sakmarian- 
Early  Artinskian  is  the  oldest  recognised  species  of  the  genus.  This  species  gave  rise  to 
V.  sbindyensis  in  the  Kungurian  and  to  V.  sp.  nov.  A  in  the  late  Kungurian  to  Roadian 
(Ufimian).  The  youngest  identified  species  of  Vjalovognathus  is  found  in  faunas  from  the 
Chhidru  Formation  (Late  Permian-Changhsingian)  of  the  Salt  Range  of  Pakistan. 


THE  apparent  lack  of  conodonts  in  the  marine 
Lower  Permian  of  Western  Australia  (Fig.  I), 
despite  extensive  sampling,  led  Nicoll  (1976)  to 
conclude  that  the  absence  of  conodonts  in  these 
sediments  was  due  to  the  glacial-related  lowered 
temperatures  of  marine  water  being  below  the 
tolerance  level  of  the  conodont  animal.  Sub¬ 
sequently,  Nicoll  (1984)  reported  a  very  limited, 
and  at  that  time  not  specifically  identified,  Permian 
conodont  fauna  from  the  Noonkanbah  Formation 
of  the  Canning  Basin.  Additional  Permian  conodont 
material  has  now  been  recovered  from  the 
Noonkanbah  Formation  and  also  from  formations 
in  the  Southern  Carnarvon  Basin,  Western  Australia. 


We  here  report  the  first  unequivocal  Permian 
conodonts  from  Australia  and  discuss  their  biostrati- 
graphic,  biogeographic  and  palaeoclimatological 
significance. 

SOUTHERN  CARNARVON  BASIN 

In  1974  one  of  us  (R.S.N.)  collected  308  samples 
from  eight  stratigraphic  units  of  Permian  age 
in  the  Southern  Carnarvon  Basin  (Figs  2,  3; 
Appendix).  Initially  none  of  these  samples  was 
thought  to  contain  conodonts  (Nicoll,  1976), 
but  a  few  supposed  fish  teeth  were  observed. 
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Fig.  2.  Generalised  stratigraphy  of  the  Canning  and  Southern  Carnarvon  Basins,  brachiopod  zonation,  conodont 
occurrences  and  water  temperature  curve  for  the  Permian  of  Western  Australia  (modified  after  Archbold  &  Shi 
1995). 


Fig.  1.  Map  showing  Permian  outcrops  in  Western  Australia  and  locations  of  the  Canning  and  Southern 
Carnarvon  Basins. 
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Following  the  publication  by  van  den  Boogaard 
(1987)  of  Permian  conodonts  from  Timor,  the  ‘fish 
teeth’  were  re-examined  and  found  to  be  broken 
elements  of  the  unusual  scaphate  conodont  genus 
Vjalovognathus  Kozur  (1977).  All  of  the  conodont 


residues  from  the  Nicoll  (1974)  sampling  that 
could  be  located  were  re-examined  for  conodonts 
and  a  total  of  114  elements,  mostly  fragments 
of  Vjalovognathus  australis  sp.  nov.  along  with 
six  fragments  of  Hindeodus  sp.  elements,  were 
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Fig.  3.  Map  showing  the  distribution  of  the  Callytharra  Formation  and  conodont  sample  localities  in  the  Southern 
Carnarvon  Basin. 
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recovered  from  48  of  208  sample  residues.  One 
hundred  sample  residues  from  the  1974  collection, 
87  of  which  were  from  Callytharra  Formation 
section  04,  could  not  be  relocated.  A  total  of  100 
conodonts  were  obtained  from  43  samples  of  the 
Callytharra  Formation.  Of  the  eight  samples  of  the 
Coyrie  Formation,  three  samples  produced  a  total 
of  six  conodont  elements.  The  seven  samples  of 
the  Wandagee  Formation  yielded  seven  elements 
from  one  productive  sample.  One  of  the  seven 
samples  from  the  Coolkilya  Formation  produced  a 
single  conodont  element. 

Dr  Arthur  Mory  (Geological  Survey  of  Western 
Australia)  has  provided  1 1  additional  samples  of 
newly  collected  material  from  the  Callytharra  and 
Coyrie  Formations  and  the  Coolkilya  Sandstone 
in  an  effort  to  provide  additional  material  from 
some  stratigraphic  intervals  where  few  conodont 
elements  have  been  recovered.  From  these  samples 
an  additional  four  elements  were  recovered  from 
82  kg  of  samples  processed. 

Conodont  productivity  in  the  Permian  of  the 
Southern  Carnarvon  Basin  is  low.  Slightly  over 
900  kg  of  samples  processed  from  the  initial 


collecting  produced  only  114  conodonts.  That  is 
about  one  conodont  element  for  each  8  kg  of  rock 
processed.  The  additional  Mory  samples,  mostly 
from  localities  known  to  contain  conodonts,  have 
produced  four  elements  from  82  kg  of  rock 
processed. 


CANNING  BASIN 

Samples  were  collected  from  the  Lower  Permian 
Noonkanbah  Formation  (Fig.  4)  which  comprises 
grey,  micaceous,  pyritic  mudstone  interbedded 
with  fine  to  medium-grained,  laminated  and  thin- 
bedded  calcareous  sandstones  and  minor  finely 
crystalline  fossiliferous  limestone  interbeds  (Towner 
&  Gibson  1983).  Limestone  interbeds  from  the 
middle  part  of  the  formation  were  collected  for 
conodont  extraction.  A  rich  macrofauna,  including 
brachiopods,  bryozoans,  corals,  crinoids  and 
molluscs,  indicates  an  Artinskian  to  lower 
Kungurian  age  (Archbold  1993;  Archbold  &  Shi 
1995:  fig.  2).  The  depositional  environment  is 
interpreted  as  unrestricted  marine  with  shallower 


Fig.  4.  Map  showing  locations  of  conodont  samples  in  the  Canning  Basin. 
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Fig.  5.  Shallow-water,  pelagic  and  ‘standard’  Lower  Permian  conodont  zones  of  Kozur  (1995). 
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conditions  in  some  areas.  A  thickness  of  410  m 
was  recorded  for  the  Noonkanbah  Formation  in 
the  Sisters  1  well  (Forman  &  Wales  1981). 

Thirteen  samples  from  the  Noonkanbah 
Formation  have  yielded  conodonts  out  of  a  total 
16  samples  collected  weighing  a  total  220  kg  of 
rock.  Eight  of  these  (samples  901/2,  902/1,  902/2A, 
903/1,  904/1,  906/1,  906/5  and  906/6),  are  surface 
outcrop  samples  from  the  Bruten,  Meda  and 
Nerrima  areas  and  five  are  from  subsurface  samples 
from  the  Frame  Rocks  2  (FR2,  core  2,  1099— 
1109  ft  depth),  Tappers  Inlet  1  (TAPI,  core  3, 
2850-2900  ft  depth)  and  Blackstone  1  (BL1/1, 
420-450  ft  depth;  BL1/2,  510-540  ft  depth;  and 
BL1/3,  540-570  ft  depth)  wells  (Fig.  4). 

Faunas  from  the  Noonkanbah  Formation  of  the 
Canning  Basin  include  Mesogondolella  idahoensis 
(Youngquist,  Hawley  &  Miller)  and  Vjalovognathus 
shindyensis  (Kozur)  which  suggests  a  Kungurian 
age  for  this  formation  at  the  sampled  localities  and 
this  is  in  accord  with  the  previously  assigned  age 
based  on  other  palaeontological  evidence  (Archbold 
1993,  1998;  Archbold  &  Shi  1995). 


BIOSTRATIGRAPHY 

A  recent  summary  of  Australian  Permian  bio¬ 
stratigraphy  has  been  presented  by  Archbold  & 
Dickins  (1996)  who  discussed  the  interrelationship 
of  biostratigraphic  schemes  based  on  ammonoids, 
bivalves,  brachiopods,  floras  and  palynomorphs. 
Archbold  (1998)  has  recently  reviewed  and  up¬ 
dated  the  Permian  biostratigraphy  of  the  Western 
Australian  basins.  The  geology  and  stratigraphy 
of  the  Canning  and  Southern  Carnarvon  Basins 
(Fig.  1)  has  been  described  by  Towner  &  Gibson 
(1983),  Yeates  et  al.  (1984),  Hocking  et  al.  (1987), 
Goldstein  (1989)  and  Mory  &  Backhouse  (1997). 
Summary  stratigraphies  for  the  Permian  of  the 
Canning  and  Southern  Carnarvon  Basins  are  given 
in  Fig.  2.  A  brachiopod  zonation  for  Western 
Australia  has  recently  been  proposed  by  Archbold 
(1993)  and  relationships  of  this  zonation  to  Asian 
faunas  and  Permian  climate  arc  discussed  by 
Archbold  &  Shi  (1995)  who  have  constructed  a 
water  temperature  curve  for  the  shallow  marine 
Permian  of  Western  Australia  (Fig.  2). 

Conodont  faunas  representing  three  zones  are 
now  recognised  in  the  Canning  and  Southern 
Carnarvon  Basins  and  in  Timor  (Figs  2,  5).  The 
oldest  of  these  is  the  Mesogondolella  bisselli - 
Sweetognalhus  inornciius  Zone.  The  middle  is  the 


Mesogondolella  idahoensis-Vjalovognathus  shindy¬ 
ensis  Zone  and  the  youngest  is  tentatively  assigned 
to  the  Mesogondolella  nankingensis  Zone.  A  single 
undescribed  juvenile  conodont  element,  possibly  of 
late  Middle  Permian  (Late  Capitanian)  age,  has 
been  recovered  (see  below).  The  three  conodont 
faunas  from  the  Southern  Carnarvon  and  Canning 
Basins,  together  with  the  fauna  earlier  described 
from  Timor  by  van  den  Boogaard  (1987),  provide 
valuable  correlation  control  points  for  the  Lower 
and  Middle  Permian  of  Western  Australia  in  terms 
of  the  international  Permian  stage  terminology 
(Jin  et  al.  1997).  Identification  of  zonal  indicators 
in  both  the  Sakmarian-Artinskian  ( Mesogondolella 
bisselli-Sweetognathus  inornatus  Zone)  and 
Kungurian  ( Mesogondolella  idahoensis-Vjalovo¬ 
gnathus  shindyensis  Zone)  faunas  provide  important 
correlation  between  Australia,  Timor  and  the  Tethys 
region.  Timor  ammonoid  and  brachiopod  faunas 
provide  additional  biostratigraphic  ties  (Furnish  & 
Glenister  1971;  Furnish  1973;  van  den  Boogaard 
1987;  Archbold  &  Barkham  1989;  Archbold  &  Bird 
1989). 


Mesogondolella  bisselli- 
Sweetognathus  inornatus  Zone 

The  Mesogondolella  bisselli-Sweetognathus  in¬ 
ornatus  Zone  is  essentially  equivalent  to  the 
Mesogondolella  bisselli-Sweetognathus  whitei  Zone 
of  Ritter  (1986)  and  the  Sweetognathus  inornatus- 
S.  whitei  through  Sweetognathus  whitei  Zones  or 
the  Mesogondolella  bisselli-M.  visibilis  through 
M.  bisselli-S.  whitei  Zones  of  Kozur  (1995) 
(Fig.  6).  The  base  of  the  zone  is  marked  by 
the  first  appearance  of  Mesogondolella  bisselli 
and  Sweetognathus  whitei  and  the  co-occurrence 
of  M.  bisselli  and  S.  inornatus.  Vjalovognathus 
australis  occurs  within  the  zone,  but  the  level  of 
the  earliest  occurrence  of  this  species  has  not  been 
documented.  The  upper  limit  of  the  zone  is  marked 
by  the  first  appearance  of  Neostreplognalhodus 
pequopensis.  Hie  zone  ranges  in  age  from  the 
upper  Sakmarian  (Sterlitamakian)  through  the 
early  Arlinskian  (Aktastinian)  based  on  the  age 
of  associated  ammonoids  in  the  Timor  localities. 

The  Mesogondolella  bisselli-Sweetognathus  in¬ 
ornatus  Zone  is  now  known  from  the  Callytharra 
Formation  of  the  Southern  Carnarvon  Basin  and 
from  the  Maubisse  Formation  in  West  Timor  (van 
den  Boogaard  1987;  Barkham  1993).  Conodont 
elements  recovered  from  the  Callytharra  Formation 
are  mostly  Pa  elements  of  Vjalovognathus  australis 
sp.  nov.  along  with  a  few  broken  Pa  elements  of 
Hindeodus  which  cannot  be  specifically  identified. 
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Correlation  of  standard  and  Eastern  Gondwana  province  conodont  zones  (from  Kozur  1994). 
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In  West  Timor  the  Mesogondolella  bisselli- 
Sweetognathus  inornalus  Zone  has  been  docu¬ 
mented  from  the  Maubisse  Formation  in  two 
regions,  the  Bitauni-Bisnain  area  and  SW  Mutis 
area  (this  study;  van  den  Boogaard  1987). 
Ccphalopod-bearing  grey  limestones  and  marls 
from  the  Maubisse  Formation  (Kekneno  Series)  of 
the  SW  Mutis  region  yield  'Vjalovognathus 
shindy ensis'  (here  reinterpreted  as  Vjalovognathus 
australis,  see  below)  together  with  Mesogondolella 
bisselli  Clark  &  Behnken,  Sweetognathus  aff. 
whitei  Rhodes  (=S.  inornatus  Ritter,  1986)  and 
Sweetocristatus  sp.  Ammonoids  from  these  Mutis 
sediments  indicate  a  Sakmarian  age  (van  den 
Boogaard  1987). 

Conodont  faunas  from  cephalopod-bearing  marls 
in  the  Bitauni  area  include  Vjalovognathus  australis 
together  with  Mesogondolella  bisselli  (Clark  & 
Behnken,  1971),  Diplognatlius  oertlii  Kozur,  1975, 
Neospathodus  cf.  praedivergens  (Kozur  &  Mostler, 
1976),  Sweetognathus  cf.  behnkeni  Kozur,  1975, 
Sweetognathus  aff.  whitei  (Rhodes,  1963  =  S.  in- 
ornatus  Ritter,  1986)  and  Sweetocristatus  sp.  (van 
den  Boogaard,  1987).  Conodonts  from  a  new 
sample  (Barkham  1993,  sample  SB  18)  of  the 
Maubisse  Formation  from  the  Bisnain  River  near 
Bisnain  contain  additional  specimens  of  V.  australis 
(Fig.  11C-H).  The  ammonoids  from  which  the 
van  den  Boogaard  (1987)  conodont  samples  were 
obtained  indicate  an  Artinskian  age. 

Reimers  (1991)  also  discusses  an  association 
of  ‘ Neogondolella '  bisselli  and  Vjalovognathus 
shindyensis  in  the  sections  of  the  Lower  Kotchusuy 
Suite,  supposedly  of  Bolorian  age,  in  the  south¬ 
eastern  Pamir.  Both  of  the  illustrated  specimens 
of  V.  shindyensis  (Reimers  1991:  pi.  1,  figs  9, 
12,  14)  appear  to  be  specimens  of  V.  australis. 
This  association  of  Mesogondolella  bisselli,  Sweeto¬ 
gnathus  inornatus  and  V.  australis  in  the  lower 
part  of  the  Kotchusuy  Suite  means  that  the  lower 
part  of  this  interval  is  Artinskian  in  age  and  not 
Bolorian  (Kungurian)  as  previously  interpreted. 

Mesogondolella  idahoensis- 
Vjalovognathus  shindyensis  Zone 

The  Mesogondolella  idahoensis-Vjalovognathus 
shindyensis  Zone  is  defined  by  the  co-occurrence 
of  Mesogondolella  idahoensis  and  Vjalovognathus 
shindyensis.  The  Mesogondolella  idahoensis- 
Vjalovognathus  shindyensis  Zone  is  possibly  found 
in  the  Coyric  Formation  of  the  Southern  Carnarvon 
Basin  and  in  the  middle  part  of  the  Noonkanbah 
Formation  in  the  Canning  Basin. 

In  reviewing  the  literature  relating  to  the  strati¬ 
graphic  distribution  of  Vjalovognathus  shindyensis 


it  has  become  apparent  that  the  working  definition 
of  the  species  has  been  very  loose;  that  there  are 
multiple  species  of  the  genus  that  have  not  been 
differentiated;  and  as  a  result,  the  identification  of 
V.  shindyensis  in  various  studies  may  well  be 
incorrect  and  the  stratigraphic  range  of  conodonts 
and  associated  faunas  may  not  make  sense. 
Vjalovognathus  shindyensis  was  first  described  as 
‘Vjalovites’  shindyensis  by  Kozur  &  Mostler  (1976) 
from  the  upper  Leonardian  Grcnze  des  Chihsian 
at  Shindy  in  the  Pamirs.  The  type  specimen  of 
V.  shindyensis  from  the  Shindi  River  exposure  of 
the  Buz  Tere  Complex  in  the  Pamirs  (Kozur  & 
Mostler  1976)  has  oral  surface  denticles  that 
conform  with  the  material  that  we  illustrate  herein 
as  V.  shindyensis.  However,  both  van  den  Boogaard 
(1987;  fig.  8)  and  Kozur  (1995:  pi.  4,  fig.  1) 
illustrated  Timor  specimens  as  V.  shindyensis  that 
we  here  differentiate  on  the  basis  of  oral  surface 
denticle  morphology  and  name  as  V.  australis. 
Because  the  Timor  material  is  late  Sakmarian  to 
early  Artinskian  (see  above),  we  suggest  that  other 
non-illustrated  references  to  the  identification  of 
V.  shindyensis  may  also  be  suspect,  especially 
when  associated  with  Mesogondolella  bisselli  (e.g. 
Reimers  1991).  We  here  suggest  that  V.  shindyensis 
ss.  is  probably  mostly  of  earliest  Kungurian 
(Bolorian)  age,  especially  when  it  is  associated 
with  M.  idahoensis  and  Neostreptognathodus 
leonovae. 

Faunas  from  the  Noonkanbah  Formation  of  the 
Canning  Basin  include  Hindeodus  sp.,  Meso¬ 
gondolella  idahoensis  (Youngquist,  Hawley  & 
Miller)  and  Vjalovognathus  shindyensis  (Kozur). 
Mesogondolella  idahoensis  was  first  described 
from  the  Phosphoria  Formation  in  southern 
Idaho  (Youngquist  et  al.  1951)  and  is  generally 
considered  to  be  a  late  Artinskian  (Leonardian) 
species  in  North  America  (Clark  &  Behnken  1971; 
Behnken  1975;  Sweet  1988).  It  occurs  in  the 
Neostreptognathodus  leonovae  and  Neostrepto¬ 
gnathodus  clinei-Mesogondolella  nankingensis 
Zones  of  Middle-Upper  Leonardian-Chihsian  age 
(Kozur  1978).  In  China,  Mesogondolella  idahoensis 
occurs  in  the  early  Chihsian,  which  is  equated  with 
the  late  Artinskian  (Leonardian)  of  North  America. 
In  Japan,  Mesogondolella  idahoensis  occurs  in  the 
late  Sakamotozawan  to  early  Nabeyaman  which  is 
broadly  equivalent  to  the  Leonardian  of  North 
America.  Kozur  (1994,  1995)  has  proposed  a 
new  scheme  of  conodont  zones  for  the  Lower 
Permian,  including  Shallow-water,  Pelagic  and 
‘Standard’  zones  (Fig.  5).  In  this  scheme,  the 
Noonkanbah  conodont  faunas  would  represent  the 
early  Cathedralian  (Kungurian)  Mesogondolella 
intermedia-Neostreplognalhodus  exculptus  and 
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M.  idahoensis-N.  exculptus  Standard  Conodont 
Zones.  Kozur  (1994,  1995)  also  proposed  pre¬ 
liminary  Shallow-water,  Pelagic  and  ‘Standard’ 
conodont  zones  representative  of  an  Eastern 
Gondwana  Province  (Fig.  6).  In  this  scheme,  the 
Noonkanbah  Formation  faunas  would  represent  the 

N.  exculptiis-V.  shindyensis  and  the  lower  part  of 
the  M.  idahoensis-M.  leonovae  Eastern  Gondwanan 
Standard  Zones.  The  presence  of  Mesogondolella 
idahoensis  in  the  faunas  from  the  Canning  Basin 
suggests  a  Lconardian  (Kungurian)  age  for  the 
Noonkanbah  Formation  at  the  sampled  sites  which 
appear  to  be  near  the  middle  part  of  the  formation. 

Mesogondolella  nankingensis  Zone? 

In  Australia  the  only  Permian  conodonts  thus  far 
recovered,  with  one  exception,  from  above  the  level 
of  the  Mesogondolella  idahoensis-Vjalovognathus 
shindyensis  Zone  arc  elements  of  a  new  species 
of  Vjalovognathus.  Vjalovognathus  sp.  nov.  A  has 
characteristics  that  place  it  between  V.  shindyensis 
and  the  undescribcd  Vjalovognathus  specimens 
reported  by  Wardlaw  &  Pogue  (1995)  from  the 
upper  part  of  the  Chhidru  Formation  (Late 
Changhsingian)  of  Pakistan. 

The  Mesogondolella  nankingensis  Zone  is 
tentatively  interpreted  to  be  represented  by  the 
presence  of  Vjalovognathus  sp.  nov.  A  in  the 
Coolkilya  Sandstone  and  possibly  in  the  Wandagee 
Formation.  This  zonal  assignment  is  based  on  the 
identification  in  the  Coolkilya  Sandstone  of  the 
Ufimian  (Roadian)  ammonite  Daubichites  goochi 
(Teichcrt,  1942)  (Glenister  et  al.  1993)  which 
equates  to  the  Mesogondolella  nankingensis  Zone 
(Jin  et  al.  1997). 

Younger  conodont  faunas 

A  single  undescribed  juvenile  Pa  element  of 
unknown  generic  affinity  has  been  recovered 
from  the  Northern  Carnarvon  Basin  in  the  WMC 
Fennel  1  well  (core  4,  1559.9  m).  This  core  is 
associated  with  a  D.  ericianus  Zone  (Lower 
Stage  5c)  palynofiora  (Gorter  1998,  pers.  comm.; 
Mory  &  Backhouse  1997)  which  is  tentatively 
equated  with  the  late  Middle  Permian  (Guadalupian, 
late  Capitanian).  No  conodont  zonal  information 


can  be  obtained  from  this  occurrence,  but  it  does 
indicate  that  an  intensive  examination  of  later 
Permian  strata  might  produce  useful  conodont 
faunas.  Future  searches  for  conodonts  in  the 
Lightjack  and  Hardman  Formations  of  the  Canning 
Basin  and  the  Hyland  Bay  Formation  of  the 
Bonaparte  Basin,  which  formed  in  warm  temperate 
to  subtropical  conditions,  may  prove  fruitful. 


BIOGEOGRAPHY  AND 
PALAEOCLIMATOLOGY: 

DISTRIBUTION  AND  ECOLOGY 
OF  THE  GENUS  VJALOVOGNATHUS 

Biogeographically,  Vjalovognathus  appears  to  be 
restricted  to  the  northern  margin  of  eastern 
Gondwanaland  (Fig.  7)  and  may  help  define  an 
Eastern  Gondwanaland  Conodont  Province  as  pro¬ 
visionally  suggested  by  Kozur  (1994).  Specimens 
of  the  genus  Vjalovognathus  have  been  reported 
from  the  Pamirs  (Kozur  &  Mostlcr  1976;  Reimers 
1991),  the  Salt  Range  of  Pakistan  (Wardlaw  & 
Pogue  1995),  the  Selong  section  of  Tibet  (Wang 
1997,  pers.  comm.),  Timor  (van  den  Boogaard 
1987)  and  Western  Australia  (this  study).  The 
Sakmarian-early  Artinskian  species  V.  australis  is 
known  from  the  Carnarvon  Basin,  Timor  and  the 
Pamirs.  The  Kungurian  species,  V.  shindyensis  is 
known  from  the  Canning  and  Southern  Carnarvon 
Basins  and  the  Pamirs.  The  Roadian  species, 
V.  sp.  nov.  A,  is  known  only  from  the  Southern 
Carnarvon  Basin  and  the  undescribed  Changh¬ 
singian  species  is  known  only  from  the  Salt  Range. 

All  of  the  Vjalovognathus  localities  were  located 
at  40°+S  palaeolatitudes  and  in  basins  on  shelves, 
or  adjacent  to,  the  Palaeo-Tcthys  or  Meso-Tethys 
Oceans.  Except  for  two  of  van  den  Boogaard’s 
(1987)  Timor  localities  and  one  Canning  Basin 
sample,  Vjalovognathus  elements  occur  in  low 
abundance  (less  than  10  specimens  per  sample) 
and  conodont  faunal  diversity  is  generally  low 
(less  than  five  species).  Only  in  the  two  northern¬ 
most  localities  of  Timor  and  the  Pamir  are  there 
more  than  five  species  present  in  any  given  sample 
(Table  1). 


Fig.  7.  Palacogcographic  reconstructions  for  the  eastern  Gondwanaland  and  Tcthys  region  in  the  Early  Permian 
(a)  and  Late  Permian  (b)  showing  the  known  distribution  of  the  genus  Vjalovognathus  and  other  peri -Gondwanan 
conodont  faunas.  NC  =  North  China;  SC  =  South  China;  T  =  Tarim;  I  =  Indochina;  QS  =  Qamdao-Simao;  WC  =  Western 
Cimmerian  Continent;  QI  =  Qiangtang;  L  =  Lhasa;  S  =  Sibumasu;  WB  =  West  Burma.  After  Metcalfe  (1998). 
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Stage 

Locality 

Palaeolatitude 

No.  of 
species 

Changhsingian 

Salt  Range 

50S 

4 

Roadian 

Carnarvon  Basin 

SOS 

1 

Kungurian 

Pamirs 

45-50S 

? 

Canning  Basin 

50S 

3 

Carnarvon  Basin 

60S 

1 

Lower  Artinskian 

Timor 

45S 

8 

to  Upper 

Pamirs 

SOS 

8-9 

Sakmarian 

Carnarvon  Basin 

60S 

2 

Table  1.  Palaeolatitudes  and  diversity  (No.  of  species) 
of  Eastern  Gondwanaland  Permian  conodont  faunas  that 
include  the  genus  Vjalovognathus. 


It  is  here  suggested  that  Vjalovognathus  may 
have  been  tolerant  to  cool  temperate  conditions 
which  allowed  it  to  invade  the  immediate  post¬ 
glacial  marine  environment  of  Western  Australia. 


Archbold  &  Shi  (1995)  have  proposed  a  water 
temperature  curve  for  the  Permian  of  Western 
Australia  based  on  brachiopod  assemblages  and 
5I80  data  (Fig.  2).  The  occurrences  of  conodonts 
in  the  Callytharra,  Coyrie  and  Noonkanbah  For¬ 
mations  of  the  Southern  Carnarvon  and  Canning 
Basins  correspond  to  warm  temperate  peaks  on  the 
curve  that  immediately  follow  cold/cool  temperate 
conditions  (Fig.  2). 


SYSTEMATIC  PALAEONTOLOGY- 
TAXONOMIC  NOTES 

The  sparse  nature  of  most  of  the  conodont 
taxa  recovered  in  this  study  allows  little  scope 
for  detailed  systematic  comment.  For  species  of 
the  genera  Hindeodus  and  Mesogondolella  we 
offer  only  some  brief  observations  of  the 


Fig.  8.  Comparison  of  the  oral  views  of  the  Pb  elements  of  (A)  Mesogondolella  idahoensis  (xl70),  (B)  Vjalovognathus 
shindyensis  (xl50)  and  (C)  V.  australis  (xl30).  Note  the  basic  similarity  of  the  dominant  anterior  process,  cusp 
cross-section  and  outer  lateral  flare  of  the  basal  outline  adjacent  to  the  cusp.  See  following  figures  for  specimen 
details. 


Fig.  9.  Morphology  of  the  Pa  element  of  Vjalovognathus  Kozur.  1977  and  comparison  of  the  Pa  elements  of 
V.  australis  (A-C),  V.  shindyensis  (D-F)  and  V.  sp.  nov.  A  (G-H).  The  blade  is  best  preserved  on  the  specimens 
A  and  D,  and  is  broken  on  the  other  material.  Anterior  is  to  the  left  and  the  posterior  with  the  cusp  is  to  the 
right.  The  arrows  mark  the  separation  of  blade  from  platform  based  on  the  outward  flare  of  the  basal  margin. 
Note  the  change  in  denticle  morphology  between  species  and  along  each  element.  A,  V.  australis  (CPC  34670) 
oral  view  (x75).  B-C.  V.  australis  (CPC  34644):  B.  oral  view  (xl55);  C,  inner  lateral  view  (xl55).  D,  V. 
shindyensis  (CPC  34678)  oral  view  (x70).  E-F,  V.  shindyensis  (CPC  34679):  E,  oral  view  (xl25);  F,  outer 
lateral  view  (xl25).  G-H,  V.  sp.  nov.  A  (CPC  34693):  G,  oral  view  (xlOO);  H,  outer  lateral  view  (X100). 
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species  recovered.  Only  for  the  three  species 
of  Vjalovognathus  do  we  make  any  detailed 
observations. 


Genus  Hindeodus  Rexroad  &  Furnish,  1964 

Comments.  We  illustrate  elements  of  Hindeodus 
from  the  Callytharra,  Coyrie,  and  Noonkanbah 
Formations.  There  are  potentially  three  species 
present,  but  the  one  from  the  Callytharra  Formation 
lacks  a  preserved  anterior  blade  margin,  the  one 
from  the  Coyrie  Formation  is  a  juvenile  and 
material  from  the  Noonkanbah  Formation  has  a 
general  resemblance  to  Hindeodus  typicalis  (Sweet) 
but  has  prominent  anterior  blade  denticles. 

Hindeodus  sp.  1 
Fig.  12D-I 

Material  studied.  7  elements  (5  Pa,  2  S). 


Remarks.  Robust  Hindeodus  Pa  element  with 
large  cusp.  The  anterior  margin  of  all  of  the 
recovered  elements  is  broken. 

Stratigraphic  range.  Southern  Carnarvon  Basin 
Callytharra  Formation. 

Hindeodus  sp.  2 
Fig.  12A-C 

Material  studied.  1  clement  (Pa). 

Remarks.  Juvenile  element  with  cusp  and  7 
denticles.  The  anterior  margin  from  cusp  tip  to 
antcro-basal  comer  is  concave  with  no  indication 
of  denticle  development. 

Stratigraphic  range.  Southern  Carnarvon  Basin 
Coyrie  Formation. 


Fig.  10.  Enlargement  of  the  denticles  of  Vjalovognathus  species:  A,  V.  australis  (x500),  see  Fig.  9B,  denticles 
4  and  5  from  broken  blade  tip;  B,  V.  shindyensis  (x360),  see  Figs  9D  and  23E,  denticles  6  to  8  from  blade  tip; 
C,  V.  sp.  nov.  A  (x470),  see  Fig.  9G,  denticles  4  and  5  from  blade  tip. 
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Hindeodus  sp.  3 
Fig.  13A-G 

Material  studied.  21  elements  (18  Pa,  1  Pb,  2  S). 

Remarks.  A  partial  apparatus  of  this  species  of 
Hindeodus  is  present  in  the  material,  but  preser¬ 
vation  is  generally  poor  and  most  of  the  elements 
are  broken.  The  Pa  element  has  a  projecting  anterior 
blade  with  at  least  3  denticles  developed.  The  Pb 
element  (Fig.  13B,  C)  is  similar  to  a  form  that 
Igo  (1981)  called  Xainognathus  sweeti. 


Stratigraphic  range.  Canning  Basin,  Noonkanbah 
Formation. 


Genus  Mesogondolella  Kozur,  1988 

Type  species.  Gondolella  bisselli  Clark  &  Behnken 
1971. 

Comments.  We  follow  the  Kozur  (1989)  differ¬ 
entiation  of  Mesogondolella. 


Fig.  11.  A-B,  Vjalovngnathus  shindyensls  (Kozur)  left  Pa  element,  holotype  specimen  of  Kozur  &  Mostler  (1976): 
A,  oral  view;  B,  oblique  oral-inner  lateral  view.  C-H,  Vjalovognathus  australis  sp.  nov.,  holotype,  right  Pa  element 
(CPC  34644)  [Timor,  Barkham  SB- 18],  all  views  xl55,  except  as  noted:  C,  inner  lateral  view;  D,  oral  view; 
E,  outer  lateral  view;  F,  anterior  view;  G,  oblique  oral-posterior  view;  H,  enlargement  (x500)  of  denticles  4  and 
5  located  on  the  anterior  part  of  the  platform,  note  shallow  groove  on  the  anterior  margin  and  gently  rounded 
posterior  margin  (anterior  to  left). 
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Mesogondolella  idahoensis 
(Youngquist,  Hawley  &  Miller,  1951) 

Figs  8A,  14-20 

Material  studied.  39  elements  (30  Pa,  2  Pb,  3  M 
2  Sa,  1  Sc,  1  Sb). 

Comments.  The  Pa  elements  represented  in  our 
faunas  are  closely  comparable  with  those  of 


Mesogondolella  idahoensis  that  have  been  widely 
described  and  illustrated  in  the  literature.  Our 
material  is  however  fragmentary  and  somewhat 
poorly  preserved.  Wc  consider  the  apparatus  to  be 
a  typical  septimembrate  one  conforming  to  the 
standard  Permian-Triassic  apparatus  style  that  has 
been  well  illustrated  in  the  literature.  We  believe 
the  over-representation  of  Pa  elements  is  due  to 
these  being  more  robust  than  the  other  elements 
that  were  separated  post-mortem  by  winnowing. 


Fig.  12.  Hindeodus  sp.  A-C,  Pa  element  (CPC  34645)  [CB  34/01],  all  views  xl60:  A,  inner  lateral  view; 
B,  oral  view;  C,  aboral  view.  D-E,  Pa  element  (CPC  34646)  [CB  02/10],  all  views  xl40:  D,  oral  view;  E,  lateral 
view.  F-G,  Pa  element  (CPC  34647)  [CB  02/10],  all  views  xl50:  F,  oral  view;  G,  lateral  view.  H-I,  Pa  element 
(CPC  34648)  [CB  02/10],  all  views  x200:  H,  oral  view;  I,  lateral  view. 
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Age  range.  Early  Kungurian,  Mesogondolella 
iilahoensis-Vjalovognalhus  shindyensis  Zone  in 
Australia. 

Stratigraphic  recovery.  Canning  Basin,  Noon- 
kanbah  Formation. 

Genus  Vjalovognathus  (Kozur,  1977) 

Type  species.  Vjalovites  shindyensis  Kozur  1976. 
Revised  diagnosis.  Multimembrate  conodont  appa¬ 


ratus  of  at  least  six  element  types  and  probably 
conforming  to  the  septimembrate  apparatus  struc¬ 
ture  as  found  in  gondolellids.  Elements  recognised 
include  Pa,  Pb,  M,  Sb,  Sc  and  Sd  forms.  The  Pa 
element  is  deeply  excavated  with  a  thin-walled 
crown  structure.  The  S  and  M  elements  have 
relatively  enlarged  basal  cavities,  but  the  crown 
wall  is  thicker  than  that  of  the  Pa  elements.  The 
Pa  element  is  segminiscaphate  with  the  cusp  located 
at  the  posterior  margin  of  a  broad,  deeply  excavated 
and  thin-walled  basal  cavity  and  the  posteriorly 
inclined  denticles  extend  forward  into  a  narrow  but 


Fig.  13.  Hindeodus  sp.  All  views  xl20  except  as  noted.  A,  right  Sc  element  (CPC  34649)  [WCB  902/2A]  inner 
lateral  view.  B-C,  left  Pb  element  (CPC  34650)  [WCB  902/2A]:  B,  oblique  aboral-inner  lateral  view  (x225); 
C,  inner  lateral  view  (x225).  D-E.  left  Pa  element  (CPC  34651)  [WCB  902/2A]:  D,  oral  view;  E,  inner  lateral 
view.  F,  left  Pa  element  (CPC  34652)  [WCB  902/2 A]  inner  lateral  view.  G,  right  Pa  element  (CPC  34653) 
[WCB  902/2A]  inner  lateral  view. 
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deeply  excavated  anterior  blade.  The  Pb  element 
is  anguliscaphate  with  a  long  anterior  process 
and  a  short  posterior  process.  The  M  element  is 
makellate  with  two  denticles  on  the  short  inner 
lateral  process.  The  Sb  and  Sc  elements  are 
bipennate  with  a  reduced  posterior  process  and  a 
denticulate  anterior  process.  The  Sd  element  is 
digyrate.  An  Sa  element  has  not  yet  been 
recognised. 


Remarks.  Most  of  the  elements  of  Vjalovognathus 
recovered  in  this  study  are  poorly  preserved  pa 
elements.  Their  scaphate  morphology,  with  thin 
walls  over  the  enlarged  basal  cavity,  make  these 
elements  inherently  fragile  and  subject  to  breakage 
A  total  of  only  12  Pb,  M  and  S  elements  have 
been  recovered  from  the  three  species  studied 
The  posterior  processes  of  the  Pb,  Sc  and  Sd 
elements  are  short  and  adentate.  The  outer  lateral 


Fig.  14.  Mesogondolella  idahoensis.  Pa  element.  All  figures  xlOO  except  as  noted.  A-F,  left  element  (CPC  34654) 
[WCB  902/2A]:  A,  oral  view;  B,  posterior-aboral  view;  C,  inner  lateral  view;  D,  anterior  view;  E,  anterior- 
oral  view;  F,  enlargement  (x220)  showing  pits  at  posterior  end  of  the  aboral  surface. 


Fig.  15.  Mesogondolella  idahoensis.  Pa  elements.  All  views  xl50.  A-C,  right  element  (CPC  34655) 
[WCB  902/2A]:  A,  aboral  view;  B,  posterior-oral  view;  C,  oral  view.  D-E,  left  element  (CPC  34656) 
[WCB  902/2A]:  D,  posterior-oral  view;  E,  oral  view.  F-K,  right  element  (CPC  34657)  [WCB  902/2A]: 
F,  posterior-oral  view;  G,  anterior-oral  view;  H,  oral  view;  I,  outer-lateral  view;  J,  posterior-aboral  view;  K, 
aboral  view. 
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process  of  the  single  M  element  recovered  is 
broken.  No  Sa  element  has  been  recovered  in  our 
collections,  but  one  would  be  expected  because 
the  rest  of  the  elements  of  this  apparatus  conform 
to  the  normal’  septimembrate  apparatus  structure 
of  Upper  Palaeozoic  conodonts  such  as  Meso¬ 
gondolella,  Diplognathus  or  Neostreptognathodus. 


Kozur  (in  Kozur  &  Mostler  1976)  provided  only 
a  brief  diagnosis  and  description  of  the  Pa  element 
of  a  monoelcmental  Vjalovognatluis  shindyensis  and 
his  illustrations  (Kozur  &  Mostler  1976:  pi.  3, 
figs  9,  1 1 )  are  not  adequate  to  make  anything  other 
than  a  few  general  observations  about  the  genus 
or  species.  Subsequent  illustration  of  V.  shindyensis 


Fig-  17.  Mesogondolella  idahoensis,  Pa  elements.  All  views  x70,  except  as  noted.  A-C,  left  element  (CPC  34660) 
[WCB  902/2A]:  A,  inner  lateral  view;  B,  oral  view;  C,  aboral  view.  D-I,  left  element  (CPC  34661)  [WCB  902/2A): 
D,  inner  lateral  view;  E,  oral  view;  F.  anterior  view;  G,  anterior-basal  view;  H,  basal  view;  I,  enlargement  (x200) 
showing  reticulate  pattern  on  oral  surface  of  the  platform  margin. 


Fig.  16.  Mesogondolella  idahoensis.  Pa  elements.  All  views  x!65.  A-E,  right  element  (CPC  34658)  [WCB  902/2A]: 
A,  anterior-oral  view;  B,  inner  lateral-basal  view;  C,  oral  view;  D,  inner  lateral-oral  view;  E,  basal  view.  F-J,  left 
element  (CPC  34659)  [WCB  902/2A]:  F,  anterior-oral  view;  G,  posterior-oral  view;  H,  outer  lateral  oral  view; 
I,  aboral  view;  J,  oral  view. 
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(Kozur  1978:  pi.  V.  figs  1,  9)  provides  enough 
definition  of  the  cross-section  of  the  denticle 
morphology  of  the  Pa  element  to  allow  con¬ 
firmation  of  species  discrimination  within  the 
genus.  Kozur  (1996,  pers.  comm.)  provided  a 
photocopy  of  unpublished  photographs  of  the  type 
specimen  that  we  use  here  to  better  illustrate  the 
morphology  of  the  type  specimen  of  the  genus 
(Fig.  11  A,  B).  Kozur  (1978)  has  made  several 
references  to  an  earlier  species  of  Vjalovognathus. 
his  V.  sp.  nov.,  but  this  form  has  not  been  illus¬ 
trated  and  its  possible  relationship  to  our  species 
determinations  is  unknown. 

The  morphology  of  the  Pa  element  of 
Vjalovognathus  (Fig.  9)  is  essentially  similar  to 
that  of  the  Pa  elements  of  Gondolella  or  Neo- 
gondolella  (Kozur,  1989).  The  element  is  oriented 
with  the  narrow  blade  anterior  and  the  cusp 
posterior.  The  oral  surface  of  the  element  has  a 
carina  with  denticles  extending  from  the  anterior 
margin  to  the  posterior  cusp.  The  clement  has  a 
scaphate  morphology  with  a  large  open  basal 
cavity.  The  platform-blade  separation  is  made  at 
the  point  where  the  basal  margin  begins  to  flare 
outward. 

In  this  study  we  have  been  able  to  differentiate 
three  species  of  Vjalovognathus,  based  principally 
on  the  cross-sectional  shape  of  the  denticles 
(Fig.  10)  and  cusp  (Fig.  9)  of  the  Pa  elements. 
Denticles  of  V.  australis  are  essentially  round  with 
a  narrow  groove  on  the  anterior  margin  of  some 
denticles.  Denticles  of  V.  shindyensis  are  laterally 
expanded  and  have  a  broader  groove  on  the  anterior 
margin  that  gives  larger  denticles  a  kidney-bean 
shape  in  section  view  near  the  denticle  base; 
denticles  on  the  platform  tend  to  be  tightly  nested. 
Elements  of  V.  sp.  nov.  A  have  an  ovate  to  diamond 
shaped  cross-section  that  is  associated  with  the 
development  of  an  axial  ridge  keel  on  both  anterior 
and  posterior  margins  of  the  denticles.  Wardlaw 
(1997,  pers.  comm.)  has  provided  illustrations  of 
the  Pa  elements  of  what  is  certainly  a  fourth  species 
of  Vjalovognathus  from  the  upper  part  of  the 
Chhidru  Formation  in  the  Salt  Range  of  Pakistan. 
In  juvenile  specimens  of  the  Chhidru  material  the 
axial  ridge  links  adjacent  denticles  and  in  adult 


specimens  the  softer  core  material  is  removed  to 
form  a  trough  along  the  oral  margin.  The  single 
specimen  from  the  Selong  section  is  much  obscured 
by  mineral  overgrowth  and  cannot  be  specifically 
identified. 


Truncation  of  oral  surface  denticles 

Vjalovognathus  Pa  element  denticulation  is  typically 
truncated  a  short  distance  above  the  oral  surface 
(Fig.  9).  Denticles  of  the  S,  M  and  Pb  elements 
do  not  develop  a  similar  pattern  of  denticle 
truncation  with  all  elements  having  pointed  denticle 
tips.  In  the  Pa  element  only  the  anterior  one  or 
two  denticles  of  the  blade  and  the  posteriorly 
located  cusp  retain  a  normal  denticle  morphology. 
This  denticle  truncation  appears  to  be  primary,  that 
is  to  have  taken  place  when  the  element  was  part 
of  the  living  animal.  It  has  been  observed  on  all 
of  the  Vjalovognathus  Pa  elements  recovered  from 
any  location  (Kozur  &  Mostler  1976;  van  den 
Boogaard  1987;  Reimers  1991:  Wardlaw  1997, 
pers.  comm.).  The  concentrically  laminated  tissue 
in  the  central  part  of  the  truncated  denticle  appears 
to  be  slightly  softer  than  the  outer  tissue  layer. 
Many  elements  thus  show  a  slight  depression  in 
the  central  part  of  the  denticle  (Fig.  21 F).  Where 
adjacent  denticle  cores  are  linked,  as  in  the  case 
of  material  from  the  Chhidru  Formation  ol  Pakistan 
(Bruce  Wardlaw  1997,  pers.  comm.)  the  result  may 
be  a  trough  extending  along  the  oral  margin. 

However,  the  cause  of  this  denticle  tip  truncation 
remains  elusive.  While  no  paired  Pa  elements  have 
been  recovered  from  bedding  plane  assemblages 
or  fused  clusters,  if  element  left  and  right 
lateral  photographs  are  reversed  and  placed  in 
opposition,  the  slope  of  the  truncated  denticle 
surface  (Figs  9,  2 1 J)  is  down  toward  the  posterior, 
such  that  it  does  not  appear  to  be  possible  that 
opposed  element  cusp  tips  could  have  caused  the 
truncation  by  abrasive  wear. 

Kozur  (1989:  423)  recognised  three  types  of 
carina  development  in  gondollelid  Pa  elements. 
Carina  type  a  has  high  anterior  (blade)  denticles, 
low  or  fused  denticles  in  mid-length  and  higher 


Fig.  18.  Mesogondolellu  idahoensis ,  Pb  and  Sa  elements.  A-F,  right  Pb  element  (CPC  34662)  [WCB  902/2A], 
all  views  xI05,  except  as  noted:  A,  oral  view  of  anterior  process;  B,  outer  lateral  view;  C,  oblique  view  (xl85) 
of  broken  posterior  process  and  basal  cavity;  D,  inner  lateral  view;  E,  enlargement  (x  1 85)  showing  striae  on  cusp; 

F,  oral  view  of  cusp  showing  cross-section  shape.  G-H,  Sa  element  (CPC  34663)  [WCB  902/2A],  all  views  x220: 

G,  posterior  view;  H,  oral  view.  I-K,  Sa  clement  (CPC  34664)  [WCB  902/2A],  all  views  x230:  I,  left  lateral 
view;  J,  oral  view;  K,  posterior  view. 
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Fig.  20.  Mesogondolella  idahoensis.  Sc  and  Sd  elements.  A-E,  Sd  clement  (CPC  34668)  [WCB  902/2A]  broken 
and  fractured  element,  all  views  x245  except  as  noted:  A,  inner  lateral  view:  B,  aboral  view;  C,  oral  view  (x500); 
D,  oblique  oral  view  (x500);  E,  outer  lateral  view.  F-I,  Sc  element  (CPC  34669)  (WCB  902/2A],  all  views  x200: 
F,  inner  lateral  view;  G,  oral  view;  H,  aboral  view;  I,  outer  lateral  view. 


Fig.  19.  Mesogondolella  idahoensis,  M  elements.  All  views  x225.  A-E,  right  M  element  (CPC  34665)  [WCB 
902/2A]:  A,  oblique  aboral-posterior  view;  B,  oral  view;  C,  oblique  anterior-inner  lateral  view;  D,  anterior 
view;  E,  posterior  view.  F,  right  element  (CPC  34666)  [WCB  902/2A]  oblique  aboral-inner  lateral  view  (x200). 
G-I,  right  element  (CPC  34667)  [WCB  902/2A]:  G,  inner  lateral  view;  H,  oblique  outer-lateral  view;  1,  outer  lateral 
view. 
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Fig.  21  ( see  legend  on  page  447) 
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Fig.  22  (see  legend  on  page  447 ) 
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Fig.  23  (see  legend  on  page  447) 
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denticles  near  the  posterior  end.  This  style  of  carina 
is  most  commonly  developed  in  Mesogondolella 
and  Neogondolella  (Kozur  1989),  and  is  very 
similar  to  the  pattern  observed  in  Vjalovognathus. 

Origin  and  evolutionary  trends  in  Vjalovognathus 

Kozur  (in  Kozur  &  Mostlcr  1976)  has  suggested 
that  Vjalovognathus  has  evolved  from  Neo- 
streptognathodus,  probably  N.  pequopensis  or  a 
similar  form.  This  study  suggests  that  Kozur’s 
interpretation  cannot  be  substantiated  by  sub¬ 
sequent  work.  Firstly,  V.  australis ,  as  demonstrated 
by  van  den  Boogaard  (1987)  and  Rcimcrs  (1991), 
first  appears  with  Mesogondolella  bisselli  prior  to 
the  first  appearance  of  N.  pequopensis.  Secondly, 
the  morphology  of  the  apparatus  elements  of 
Vjalovognathus  are  unlike  those  associated  with 
species  of  Neostreptognalhodus  (Sweet  1988). 

This  study  demonstrates  that  Vjalovognathus  has 
evolved  from  the  lineage  of  naked  gondolellids 
(von  Bitter  &  Merrill  1980)  by  the  development 
of  a  segminiscaphate  basal  surface  in  the  Pa 
element  crown.  The  anguliscaphate  morphology 
of  the  Vjalovognathus  Pb  element  is  also  very 


similar  to  that  of  the  Pb  element  of  the  naked 
gondolellids.  Gondolella  postdenuda  von  Bitter 
&  Merrill  (von  Bitter  &  Merrill  1980),  of 
Late  Pennsylvanian  (Virgilian)  age,  is  a  possible 
direct  ancestor  of  Vjalovogiuithus.  The  ramiform 
elements  of  Gondolella  suhlanceolata  Gunnell, 
G.  postdenuda,  Mesogondolella  idahoensis  and 
V.  shindyensis  have  similar  morphologies,  the 
bipennate  Sc  and  Sb  elements  of  all  species  being 
characterised  by  short  posterior  and  long  anterior 
processes  (von  Bitter  1976).  These  species  also 
have  digyrate  Sd  elements.  This  concept  is 
supported  by  the  general  morphology  of  the  Pa 
elements  of  Gondolella,  Vjalovognathus  and 
Mesogondolella  which  have  a  denticulate  anterior 
blade  and  a  low  cusp  that  is  posteriorly  located 
and  directed.  The  associated  Pb  elements  (Fig.  8) 
have  a  long  anterior  process  and  a  very  short 
posterior  process. 

We  cannot  identify  an  immediate  predecessor 
for  V.  australis,  the  oldest  recorded  species  of  the 
genus.  We  anticipate  that  there  should  be  a  species 
with  a  less  expanded  basal  cavity  in  sediments 
older  than  the  upper  Sakmarian  occurrence  of 
V.  australis. 


Legends  to  Figs  21-23. 


Fig.  21.  Vjalovognathus  australis.  Pa  elements.  All  views  x65.  A-D,  right  element  (CPC  34670)  [CB  02/10]: 
A,  posterior-basal  view;  B,  inner  lateral  view;  C,  aboral  view;  D,  oral  view  showing  5  blade  denticles.  E-H,  right 
element  (CPC  34671)  [CB  04/15]:  E,  oblique  oral-posterior  view;  F,  oral  view;  G,  outer-lateral  view;  H,  inner 
lateral  view.  I-K,  right  element  (CPC  34672)  [CB04/97]:  I.  inner  lateral  view;  J,  outer  lateral  view;  K,  oral  view. 
L-O,  left  element  (CPC  34673)  [CB  04/15]:  L,  oral  view;  M,  aboral  view;  N,  inner  lateral  view;  O,  oblique  oral- 
anterior  view. 


Fig.  22.  Vjalovognathus  australis.  Pa  and  Pb  elements.  All  views  xl30,  except  as  noted.  A-D,  Pa  element  frag¬ 
ment  (CPC  34674)  [CB  22/01]:  A,  oral  view  (x70);  B,  lateral  view  (x70);  C,  reverse  lateral  view  (x70);  D,  anterior 
view  (x70),  note  that  anterior-most  two  denticles  have  pointed  tips  and  the  rest  of  the  denticles  are  progressively 
truncated  closer  to  the  blade  surface.  E-F,  Pa  element  fragment  (CPC  34675)  [CB  02/10]:  E,  lateral  view;  F,  oral 
view.  G-H,  Pa  element  fragment  (CPC  34676)  [CB  05/10]:  G,  lateral  view  (xl45);  H,  end  view  showing  preserved 
attachment  cone  (xl45).  I-N,  right  Pb  element  (CPC  34677)  [CB  01/12]:  1,  outer  lateral  view;  J,  oblique  posterior 
view;  K,  outer-anterior  view;  L,  aboral  view;  M,  oral  view;  N,  inner  lateral  view. 


Fig.  23.  Vjalovognathus  shindyensis.  Pa  elements.  A-G,  left  element  (CPC  34678)  [CB  36/02]:  A,  anterior  view 
(xl  10);  B,  outer  lateral  view  (x70);  C,  inner  lateral  view  (x70);  D,  oral  view  (x70);  E,  enlargement  (x360)  of 
anterior  tip  of  blade  showing  new  denticle,  second  denticle  with  pointed  tip  and  third  denticle  with  flattened  top; 
F,  enlargement  (x360)  of  blade  denticles  6  to  8  showing  appressed  denticles;  G,  enlargement  (x360)  showing  plat¬ 
form  denticles  II  to  14  that  decrease  in  size  toward  cusp.  H-L,  left  element  (CPC  34679)  [Frame  Rocks  1, 
1099-1109  ft]:  H,  enlargement  (x300)  of  lateral  view  of  cusp  and  posterior  three  platform  denticles;  1,  enlargement 
(x475)  of  posterior  margin  of  cusp  showing  striae;  J,  outer  lateral  view  (xl25);  K,  oral  view  (xl25):  L,  enlarge¬ 
ment  (x600)  showing  keel  on  anterior  edge  of  denticles. 


448 


ROBERT  S.  NICOLL  AND  IAN  METCALFE 


Vjalovognathus  shindyensis  (Kozur) 

Figs  9,  11,  21-26 

Vjalovites  shindyensis  Kozur  1976 — Kozur  & 
Mostler  1976:  20,  pi.  3,  figs  9,  11. 
Vjalovognathus  shindyensis  (Kozur) — Kozur  1977: 
121— Kozur  1978:  106,  pi.  5,  figs  1,  9. 

Material  studied.  168  elements  (159  Pa,  1  Pb, 
1  M,  4  Sc,  1  Sb,  2  Sd). 


Diagnosis.  Multimembrate  apparatus,  probably 
septimembrate,  with  six  element  types  defined. 
Pa  element  segminiscaphate  with  cusp  located 
posteriorly,  denticle  cross-section  ovate  to  kidney- 
bean  shaped  and  linearly  compressed  at  base 
with  an  anterior  groove,  and  basal  cavity  deeply 
excavated.  Pb  element  anguliscaphate  with  long 
anterior  process  and  short  or  adentate  posterior 
process.  M  element  is  makellate  with  denticulate 
inner  and  outer  lateral  processes.  Sb  and  Sc 


Fig.  24.  Vjalovognathus  shindyensis,  Pa  element.  All  views  x!35  except  as  noted.  A-F,  right  element  (CPC  34680) 
[CB  41/01]:  A,  aboral  view;  B,  oral  view,  note  broken  basal  margin;  C,  inner  lateral  view;  D,  enlargement  (x245) 
of  cusp  and  posterior  platform  denticles;  E.  enlargement  (x445)  of  outer  lateral  view  of  nearly  smooth  cusp; 
F,  anterior  view  into  basal  cavity  showing  sub-parallel  sides  of  blade  prior  to  outward  flare  of  the  platform. 


Fig.  25.  Vjalovognathus  shindyensis,  Pb  and  Pa  elements.  A-C,  Pa  element  (CPC  34681)  [CB  41/01],  all  views 
xl25:  A,  oral  view;  B.  outer  lateral  view  showing  two  pointed  tip  denticles  at  anterior  end  of  blade;  C,  anterior 
view.  D-F,  right  Pa  element  (CPC  34682)  [Frome  Rocks  I,  1099-1109  ft],  all  views  xllO:  D,  inner  lateral  view, 
note  broken  basal  margin;  E,  oral  view;  F,  outer  lateral  view.  G-I,  left  Pa  element  (CPC  34683)  [Frome 
Rocks  1,  1099-1109  ft],  all  views  x!45:  G.  oral  view;  H,  inner  lateral  view;  1.  outer  lateral  view.  J-N,  right 
Pb  element  (CPC  34684)  [WCB  902/2A],  all  views  xl50:  J,  inner  lateral  view;  K,  outer  lateral  view;  L,  oblique 
oral-anterior  view;  M,  oral  view;  N,  aboral  view. 
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elements  are  bipennate  with  denticulate  anterior 
process  and  reduced  or  adentate  posterior  process. 
The  Sd  element  is  fragmentary  but  appears  to  be 
digyrate  with  broken  processes.  All  elements  with 


smooth  crown  surface  texture,  lacking  striae  except 
around  the  cusp  on  some  of  the  Pa  elements,  but 
with  a  low  axial  ridge  that  may  be  weakly 
developed  along  the  axial  plane  of  cusp  and 


Fig.  26.  Vjalovognathus  shindyensis ,  M  elements.  All  views  xl65,  except  as  noted.  A-E,  left  element  (CPC  34685) 
[WCB  902/2A):  A,  posterior  view;  B,  oral  view  on  cusp  tip;  C,  aboral  view;  D,  oral  view  on  base  of  element; 
E,  anterior  view.  F-I,  left  element  (CPC  34686)  [WCB  902/2A):  F,  posterior  view;  G,  enlargement  (x245)  of 
aboral  view;  H,  enlargement  (x245)  of  oral  view;  1,  anterior  view. 


Fig.  27.  Vjalovognathus  shindyensis ,  Sc  elements.  A-D,  left  element  (CPC  34687)  [WCB  902/2A]:  A,  outer 
lateral  view  (xl60);  B,  oral  view  (x340);  C,  aboral  view  (x270);  D,  inner  lateral  view  (xl60).  E-H,  right  element 
(CPC  34688)  [WCB  902/2A]:  E,  inner  lateral  view  (x  1 70);  F,  oral  view  (x315);  G,  aboral  view  (x260);  H,  outer 
lateral  view  (xl72).  1-M,  right  element  (CPC  34689)  [WCB  902/2A]:  1,  inner  lateral  view  (X225);  J,  aboral  view 
(x300);  K,  outer  lateral  view  (x225);  L,  oral  view  (x375);  M,  oblique  oral-outer  lateral  view  (x225). 


PERMIAN  CONODONTS  FROM  THE  CANNING  AND  SOUTHERN  CARNARVON  BASINS 


451 


452 


ROBERT  S.  NICOLL  AND  IAN  METCALFE 


denticles.  Cross-section  plan  of  cusp  and  denticles 
of  Pb,  M  and  S  elements  laterally  compressed  and 
biconvex  in  axial  plane. 

Description.  All  of  the  differentiated  elements  of 
Vjalovognathus  shindyensis  (Kozur)  are  deeply 
excavated,  scaphate  forms  with  thin-walled  flanges 
to  denticulated  processes.  The  external  surface  of 
all  elements  is  smooth,  lacking  striae  except  around 
the  cusp  on  a  couple  of  the  Pa  elements,  but  with 
a  weak  ridge  developed  along  the  axial  plane  of 
the  cusp  and  denticles  of  some  elements.  Cusp  and 
denticles  of  the  Pb,  S  and  M  elements  are  laterally 
compressed  and  biconvex  on  plan  view.  The  upper 
part  of  the  denticles  and  cusps  taper  to  a  pointed 
to  slightly  rounded  tip  where  preserved. 

The  Pa  element  is  scgminiscaphate  with  a  single 
row  of  7  to  14  denticles  and  one  cusp  extending 
from  the  anterior  blade  to  a  posterior  platform.  In 
plan  view  the  element  is  bowed  slightly  outward 
and  the  cusp  and  posterior-most  denticles  are 
twisted  slightly  inward.  The  element  is  differ¬ 
entiated  into  blade  and  platform  at  the  point  where 
the  basal  margin  of  the  element  flares  abruptly 
outward  (Fig.  9).  The  blade  supports  3-7  denticles 
(Fig.  21 B,  D),  and  the  platform  also  has  from 
3-7  denticles  (Figs  21D,  22B).  The  clement  is 
deeply  excavated  under  both  the  platform  and 
blade.  The  oral  view  shows  that  the  denticulate 
ridge  does  not  become  appreciably  wider  on  the 
platform,  but  that  the  basal  margin  flares  outward 
giving  the  appearance  of  a  platform.  Internally  the 
oral  cavity  crest  of  the  excavation  narrows  toward 
the  posterior  end.  On  the  posterior  margin,  the 
element  is  broadly  rounded  at  the  basal  margin, 
but  the  denticle  row  on  the  oral  margin  tapers 
abruptly  over  the  posterior-most  3  or  4  denticles 
to  the  cusp  (Fig.  21G,  K).  The  cusp  is  short  and 
stubby,  projecting  posteriorly  upward  at  an  angle 
of  about  45°  from  the  plane  of  the  eroded  oral 
surfaces  of  the  denticle  row  and  may  extend 
slightly  above  the  level  of  the  denticles.  The  oral 
surface  of  the  element  is  smooth  except  for 
some  striae  developed  on  the  lateral  and  posterior 
margins  of  the  cusp  on  two  of  the  elements.  The 
denticle  pattern  of  the  element  changes  from  the 
anterior  to  the  posterior  ends  of  the  element. 


The  anterior  denticles  are  ovate  with  only  a 
small  anterior  groove  on  the  denticle  (Fig.  2 IE). 
Progressively  the  denticles  become  more  closely 
spaced  and  the  groove  becomes  larger.  By  the 
fourth  or  fifth  denticle,  the  base  of  the  subsequent 
denticle  is  appressed  and  the  rounded  posterior 
margin  of  one  denticle  is  inserted  into  the  anterior 
groove  of  the  adjacent  denticle  (Fig.  2 IF).  In  cross- 
section  these  denticles  are  kidney-bean-shaped.  On 
the  platform  the  posterior-most  denticles  become 
rounded,  shorter  and  smaller  in  diameter  (Fig.  21G). 
In  cross-section  the  blade  is  narrow  at  the  basal 
margin  and  expands  laterally  and  then  narrows  to 
a  pointed  tip  (Fig.  23C).  The  tips  of  all  denticles 
become  progressively  eroded  toward  the  posterior. 
Some  elements  have  a  slight  anterior  keel  on  some 
of  the  denticles. 

The  Pb  element  is  anguliscaphate  with  a 
relatively  long  anterior  process  that  is  bent  inward 
and  supports  three  or  more  denticles.  The  posterior 
process  is  broken  or  poorly  preserved  and  no 
denticles  are  apparent.  The  denticle  cross-sectional 
shape  is  biconvex  and  symmetrical.  However,  the 
cusp  is  asymmetrically  biconvex  in  section  view 
(Fig.  23M)  with  a  relatively  flattened  inner  face 
and  a  strongly  bowed  outer  face.  This  same 
morphology  is  also  reflected  in  the  basal  outline 
of  the  element  with  a  broad  outwardly  protruding 
flange  on  the  outer  lateral  margin  below  the  cusp. 
The  element  is  deeply  excavated  under  the  anterior 
process  and  in  cross-section  looks  similar  to,  but 
more  laterally  compressed  than  the  anterior  blade 
of  the  Pa  element. 

The  Sc  and  Sb  elements,  thus  far  differentiated, 
appear  similar  with  a  basic  bipennate  morphology. 
However,  unlike  the  Pb  element,  both  elements  are 
strongly  biconvex  in  the  cusp  cross-section.  The 
Sc  element  that  is  best  preserved  has  two  denticles 
on  the  broken  anterior  process.  The  cusp  is  robust 
and  slightly  recurved  posteriorly,  its  cross-section 
is  equally  biconvex  on  inner  and  outer  sides 
(Fig.  25L)  and  the  tip  is  pointed.  It  is  impossible 
to  be  sure  that  the  posterior  process  was 
adentate,  but  the  better  preserved  Sc  element  of 
W  sp.  nov.  A  lacks  denticles  on  the  posterior 
process.  The  elements  are  deeply  excavated  under 
the  cusp  and  the  excavation  extends  under  the 


Fig.  28.  Vjalovognathus  shindyensis,  Sb  and  Sd  elements.  A-D,  left  Sb  element  (CPC  34690)  [WCB  902/2A): 
A,  posterior  view  (x200);  B,  inner  lateral  view  (x200);  C,  oral  view  (x300),  compare  cusp  cross-section  with 
that  of  the  Sc  element  (Fig.  27L);  D,  aboral  view  (x270).  E-I,  left  Sd  element  (CPC  34691)  |WCB  901/02]: 
E,  oral  view  of  base  (x 1 80);  F,  oral  view  of  cusp  tip  (x230);  G,  posterior  view  (xllO);  H,  aboral  view  (xl60)' 
I,  outer  lateral  view  (XllO).  J-M,  left  Sd  element  (CPC  34692)  [WCB  902/2A],  all  views  xl40:  J,  outer  lateral’ 
view;  K,  aboral  view;  L,  anterior  view;  M,  oblique  oral-anterior  view. 
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processes.  The  Sb  element  is  similar  to  the  Sc 
element  except  for  the  cross-section  of  the 
cusp  which  is  larger  on  the  inner  lateral  side 
(Fig.  26C). 

The  two  Sd  elements  are  poorly  preserved;  both 
processes  are  broken  at  the  edge  of  the  cusp  and 
the  upper  part  of  the  cusp  is  broken.  The  element 
appears  digyrate  with  a  short,  outwardly  twisted 
posterior  process  and  what  is  presumed  to  be  a 
longer,  inwardly  twisted  anterior  process.  The  cusp 
is  biconvex  and  pointed.  The  basal  margin  of  the 
Sd  element  flares  laterally  on  both  sides. 

The  M  element  is  makellate  with  two  denticles 
on  a  short  inwardly  and  downwardly  directed  inner 
lateral  process.  The  outer  lateral  process  is  broken 
just  at  the  edge  of  the  cusp,  but  the  short  fragment 
that  remains  appears  to  be  directed  slightly  forward 
and  supports  one  denticle.  The  buttress  on  the 
posterior  edge  of  the  cusp  is  large  and  the  cusp 
is  bent  posteriorly  over  the  buttress. 

Remarks.  The  type  specimen  of  V.  shindy ensis 
(Kozur  &  Mostlcr,  1976)  that  is  re-illustrated  here 
shows  the  kidney-bean-shaped  cross-section  of 
the  denticles  on  the  platform  (Fig.  11  A,  B). 
Differentiation  of  Vjalovognathus  shindyensis  from 
V.  australis  is  best  made  on  the  oral  surface 
morphology  of  the  Pa  elements.  The  denticles  of 
V.  shindyensis  tend  to  be  closely  spaced  or  nested 
and  have  a  kidney-bean-shaped  cross-section.  The 
denticles  of  V.  australis  are  discrete  and  have  a 
rounded  to  oval  cross-section.  The  Pa  elements 
of  V.  sp.  nov.  A  have  a  diamond-shaped  cross- 
section.  The  Pb  elements  of  V.  shindyensis  and 
V.  australis  appear  very  similar.  The  S  and  M 
elements  of  V.  australis  arc  unknown,  but  the 
Sc  element  of  V.  sp.  nov.  A  is  very  similar  to  the 
Sc  elements  of  V.  shindyensis. 

Age  range.  Early  Kungurian,  Mesogondolella 
idahoensis-Vjalovognathus  shindyensis  Zone. 

Stratigraphic  recovery.  Southern  Carnarvon  Basin, 
Coyrie  Formation;  Canning  Basin,  Noonkanbah 
Formation. 


Vjalovognathus  australis  sp.  nov. 

Figs  9A-C,  11C-H,  27,  28 

Vjalovognathus  shindyensis  (Kozur)  van  den 
Boogaard  1987:  29-31,  figs  8A-F,  9B,  12F— 
Reimers  1991:  pi.  1,  Figs  9,  12,  14. 

Material  studied.  50  elements  (49  Pa,  1  Pb). 

Derivation  of  name.  From  Latin  ‘australis’  mean¬ 
ing  southern,  reflecting  its  southern  palaeolatitude 
distribution. 

Holotype.  Pa  element  CPC  34644.  Paratypes:  Pa 
elements  CPC  34670-6;  Pb  clement  CPC  34677 
(all  figured). 

Diagnosis.  Multimembrate  apparatus,  probably 
septimembratc,  with  2  element  types  defined.  The 
Pa  element  is  segminiscaphate  with  cusp  located 
posteriorly,  denticles  round  to  ovate,  discrete,  with 
a  shallow  anterior  groove,  and  the  basal  cavity  is 
deeply  excavated.  Pb  element  anguliscaphate  with 
long  anterior  process  and  short  or  adentate  posterior 
process. 

Description.  The  Pa  element  is  segminiscaphate 
with  a  single  row  of  up  to  12  denticles  and 
one  cusp  extending  from  the  anterior  ‘blade’  to 
a  posterior  expansion  loosely  called  a  ‘platform’. 
In  plan  view  the  element  is  bowed  slightly  out¬ 
ward  and  the  cusp  and  posterior-most  denticles 
are  twisted  slightly  inward.  The  element  is 
differentiated  into  a  free  blade  and  a  platform  at 
the  point  where  the  basal  margin  of  the  element 
flares  abruptly  outward.  The  blade  supports  up  to 
6  denticles  and  there  may  be  as  many  as  6 
(Fig.  27H)  on  the  platform.  Specimens  illustrated 
by  van  den  Boogaard  (1987)  have  as  many  as 
13  denticles,  6  on  the  free  blade  and  7  on  the 
platform  The  element  is  deeply  excavated  but  the 
aboral  view  (Fig.  27A)  shows  that  the  denticulate 
ridge  does  not  become  appreciably  wider  on  the 
platform,  but  that  the  basal  margin  flares  outward 
giving  the  appearance  of  a  platform.  Based  on 
specimens  illustrated  by  van  den  Boogaard  (1987), 
the  outer  margin  of  the  element  is  broadly  rounded 


Fig.  29.  Vjalovognathus  sp.  nov.  A,  Pa  element.  All  views  xlOO,  except  as  noted.  A-K,  left  element  (CPC  34693) 
[CB  03/05]:  A,  outer  lateral  view;  B,  inner  lateral  view;  C,  oral  view;  D,  aboral  view;  E,  oblique  oral-anterior 
view;  F,  oblique  aboral  view;  G,  posterior-oral  view;  H.  anterior  view;  I,  enlargement  (x470)  of  first  blade  denticle 
(anterior  to  left);  J.  enlargement  (x470)  of  second  blade  denticle;  K.  enlargement  (x470)  of  fourth  and  fifth  blade 
denticles.  Note  on  denticle  enlargements  the  keel  developed  on  the  posterior  margin  of  the  denticle  that  as  the 
denticle  tip  becomes  more  truncated  accentuates  the  ovate  to  diamond  shape  of  the  denticle  section. 
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at  the  basal  margin  of  the  posterior  end.  How¬ 
ever,  the  denticle  row  on  the  oral  margin  tapers 
(Figs  11D,  27B)  gradually  to  the  cusp.  The  cusp 
is  long  and  pointed,  projecting  posteriorly  upward 
at  an  angle  of  about  45°  from  the  plane  of  the 
eroded  oral  surfaces  of  the  denticle  row  and 
extends  slightly  above  the  level  of  the  denticles. 
The  oral  surface  of  the  element  is  smooth.  The 
denticle  pattern  of  the  element  changes  from  the 
anterior  to  the  posterior  ends  of  the  element.  The 
anterior  denticles  are  round  to  ovate  with  only  a 
small  anterior  groove  on  the  denticle  (Fig.  27D). 
Progressively  the  denticles  become  more  closely 
spaced  and  the  groove  becomes  larger.  On  the 
platform  the  posterior-most  denticles  become 
rounded  and  both  shorter  and  smaller  in  diameter 
(Fig.  1  ID).  In  cross-section  the  blade  is  narrow  at 
the  basal  margin  and  expands  laterally  and  then 
narrows  to  a  pointed  tip  (Fig.  28D).  Progressively 
toward  the  posterior  part  of  the  element  the  tips 
of  all  denticles  become  eroded  and  typically  only 
the  anterior  one  or  two  denticles  are  preserved  to 
their  full  height. 

The  Pb  element  is  anguliscaphate  with  a 
relatively  long  anterior  process  that  is  bent  inward 
and  supports  two  or  more  denticles.  The  posterior 
process,  if  present,  is  broken  and  no  denticle 
is  apparent.  The  denticle  cross-section  shape  is 
biconvex  and  symmetrical.  However,  the  cusp 
is  asymmetrically  biconvex  in  section  view 
(Fig.  28M)  with  a  relatively  flattened  inner  face 
and  a  strongly  bowed  outer  face.  This  same 
morphology  is  also  reflected  in  the  basal  outline 
of  the  element  with  a  broad  outwardly  protruding 
flange  on  the  outer  face  of  the  element.  The  cusp 
tapers  upward  to  a  slightly  rounded  apex. 

Remarks.  Van  den  Boogaard  (1987)  illustrated 
6  Pa  elements  which  he  assigned  to  Vjalovognathus 
shindyensis,  but  most  of  his  illustrated  specimens 
have  denticles  with  a  narrow  and  shallow  groove 
centrally  located  on  the  medial  anterior  margin  of 
the  denticles.  Reimers  (1991)  also  illustrated  two 
elements  that  he  assigned  to  V.  shindyensis,  but 
which  have  oral-surface  denticles  that  show  that 
the  elements  should  be  assigned  to  V.  australis. 
In  contrast,  specimens  from  the  Canning  Basin 
that  we  assign  to  V  shindyensis,  and  material 
illustrated  by  Kozur  (1978;  Fig.  11  A,  B),  have  a 
well  developed  groove  on  the  anterior  margin  of 
the  denticles  and  the  denticles  of  the  middle  part 
of  the  element  are  nested.  The  van  den  Boogaard 
(1987)  and  Reimers  (1991)  material  is  thus  assigned 
to  V.  australis  and  has  been  a  valuable  tool  in 
helping  to  understand  the  morphology  of  the 
species. 


Only  the  Pa  and  Pb  elements  of  V.  australis 
have  been  thus  far  recognised  in  samples  from 
the  Callytharra  Formation.  Most  of  the  Pa 
elements  are  represented  by  broken  portions  of  the 
central  or  posterior  part  of  the  platform.  Only  two 
elements  are  reasonably  well  preserved  and  have 
the  posteriorly  located  cusp.  Thus  we  assign  the 
specimens  illustrated  by  van  den  Boogaard  (1987) 
and  Reimers  (1991)  to  the  new  species  V.  australis. 

Age  range.  Late  Sakmarian-Early  Artinskian, 
Mesogondolella  bisselli-Sweetognathus  inomatus 
Zone. 

Stratigraphic  recovery.  Southern  Carnarvon  Basin, 
Callytharra  Formation;  Timor,  Maubisse  Formation. 

Vjalovognathus  sp.  nov.  A 
Figs  9G-H,  29,  30 

Material  studied.  4  elements  (3  Pa,  1  Sc). 

Diagnosis.  A  species  of  Vjalovognathus  in  which 
the  segminiscaphate  Pa  clement  has  denticles 
with  an  ovate  to  diamond-shaped  cross-section,  a 
prominent  axial  ridge  running  along  the  axial  crest 
of  the  element  and  a  short,  rounded  and  posteriorly 
inclined  cusp.  The  Sc  element  is  bipennate  with 
an  enlarged  basal  cavity.  Other  element  types  have 
not  been  observed. 

Description.  The  Pa  element  is  segminiscaphate 
with  at  least  7  denticles  and  a  posterior  cusp  on 
the  best  preserved  specimen.  The  denticles  are 
ovate  to  diamond-shaped  in  cross-sectional  view. 
In  lateral  view  the  anterior  denticles  are  discrete, 
but  over  the  platform  the  base  of  the  denticles 
appear  appressed.  The  denticles  have  a  well 
developed  to  prominent  axial  ridge  running  along 
the  crest  of  the  element  that  appears  to  start  with 
the  anterior-most  denticle,  but  which  docs  not 
extend  to  the  cusp.  The  cusp  is  short,  posteriorly 
inclined  and  round  in  section  view.  The  anterior 
blade  supports  at  least  three  denticles.  The  base 
of  the  thin-walled  element  crown  is  deeply  ex¬ 
cavated.  The  posterior  margin  of  the  base  appears 
to  be  gently  rounded,  but  our  material  is  broken 
on  both  lateral  basal  margins.  The  basal  margin 
tapers  to  have  subparallel  edges  in  the  blade 
region.  The  morphology  of  the  attachment  cone  is 
unknown.  Speculatively,  we  suspect  the  attachment 
cone  will  be  similar  to  those  in  well  preserved 
specimens  of  Icriodus  (Nicoll  1982). 
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Fig.  30.  Vjalovognathus  sp.  nov.  A,  Sc  and  Pa  elements.  All  views  xl35,  except  as  noted.  A-D,  Sc  clement 
(CPC  34694)  [GSWA  144101]  right  element:  A,  outer  lateral  view;  B,  posterior  view;  C,  inner  lateral  view; 
D,  enlargement  (x250)  of  oral  view  showing  cusp  curvature  and  cross-section.  E-G,  broken  left  Pa  element 
(CPC  34695)  [CB  32/07]:  E,  outer  lateral  view;  F,  oblique  anterior-outer  lateral  view;  G,  oral  view  (posterior  to 
right).  H-J,  right  Pa  element  (CPC  34696)  [GSWA  32/7]:  H,  oblique  oral-inner  lateral  view;  1,  oral  view; 
J,  inner  lateral  view. 
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The  Sc  element  is  bipennate  with  a  short  adentate 
posterior  process  and  two  preserved  denticles  on 
the  broken  anterior  process. 

Remarks.  Based  on  the  limited  material  available 
this  species  of  Vjalovognathus  appears  to  be 
morphologically  distinctive.  Some  elements  of 
V.  shindyensis  show  hints  of  an  axial  ridge,  but 
it  is  now  well  developed.  The  anterior  groove 
shown  on  most  denticles  of  both  V.  shindyensis 
and  V.  australis  appears  to  be  missing.  Topical 
of  all  species  of  Vjalovognathus ,  the  apparently 
biologically  induced  truncation  of  the  denticles 
produces  a  worn  denticle  cross-section  that  may 
appear  diamond-shaped  where  the  axial  ridge  is 
well  developed  (see  Figs  29K,  30G).  Where  the 
denticle  is  not  worn,  the  cross-section  is  essentially 
round  except  for  the  axial  ridge  (Fig.  29H,  J). 

Age  range.  ?Late  Kungurian  to  Roadian;  IMeso- 
gondolella  nankingensis  Zone. 

Stratigraphic  recovery.  Southern  Carnarvon  Basin- 
Wandagee  Formation,  Coolkilya  Sandstone. 
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Appendix.  Conodont  locality  details. 

PERMIAN  CONODONT  COLLECTING  LOCALITIES  OF 
THE  SOUTHERN  CARNARVON  BASIN 

The  following  is  the  list  of  Permian  outcrops  sampled  by  Robert  S.  Nicoll  in  1974  from  Permian 
outcrops  in  the  Southern  Carnarvon  Basin.  All  samples  were  examined  in  1974,  but  in  a  review  of 
the  material  in  1996  not  all  of  the  heavy  residues  have  been  located.  A  missing  residue  designation 
indicates  that  this  sample  was  not  re-picked  in  1996.  Please  note  that  numerous  broken  fragments  of 
Vjalovognathus  were  missed  in  the  original  1974  picking,  along  with  a  few  elements  of  Hindeodus. 
It  is  probable  that  the  missing  sample  residues  from  Callytharra  Formation  section  04  will  contain  a 
number  of  conodont  elements. 

In  addition  to  those  localities  listed  below,  samples  were  obtained  from  the  Bulgadoo  Shale,  Thambrong 
Formation,  Norton  Greywacke  and  the  Cundlego  Formation.  No  conodonts  were  recovered  from  any 
of  these  units. 

01  Callytharra  Formation  (measured  section) 

plotted  map:  Gooch  Range  1:100  000  lat./long.  23°50.81'S,1 14°49.46'E 

remarks:  section  2  of  Condon  (1967),  southern  Gooch  Range,  vicinity  of  trig  point  K-55, 
just  south  of  the  type  section  of  the  Moogooloo  Sandstone  (see  Condon  1967: 
fig.  72) 

29  samples:  7  productive,  1  missing  residue 

conodonts  in  samples  01/  09,  12,  19,  26,  27,  29,  33 

total  weight:  84  kg  total  elements:  15 

02  Callytharra  Formation  (measured  section) 

plotted  map:  Mount  Sandiman  1:100000  lat./long.  24°ors,115°orE 

remarks:  section  not  accurately  located.  Section  just  south  of  Minilya  River,  vicinity  of 
Condon  (1967)  section  3,  near  Donollys  Well. 

61  samples:  18  productive,  4  missing  residues 

conodonts  in  samples  02/  04,  07,  10,  21,  24,  A44,  A49,  87,  103,  104,  107,  109,  127,  154, 
158,  160,  161 

total  weight:  171  kg  total  elements:  47 

03  Wandagee  Formation  (called  Callytharra  Formation)  (spot  samples) 

plotted  map:  Barrabiddy  1:100  000  lat./long.  23°45'S,114°24'E 

remarks:  see  Condon  (1967:  163,  fig.  126  [map]).  Study  indicates  this  outcrop  is  not  the 
Callytharra  Formation  as  mapped  by  Condon  (1967).  Spot  samples  from  poor 
exposure. 

5  samples:  1  productive,  1  missing  residue 
conodonts  in  samples  03/  05 

total  weight:  12  kg  total  elements:  7 

04  Callytharra  Formation  (measured  section) 

plotted  map:  Winning  1:100  000  lat./long.  23°20.82'S,1 14°40.59'E 

to  23°20.82'S,1 14°40'E 

remarks:  section  1  of  Condon  (1967),  just  south  of  the  Lyndon  River  (see  Condon  1967: 
fig.  68) 

90  samples:  3  productive  (this  section  not  re-picked,  would  expect  more  elements  to  be 
recovered),  90  missing  residues 
conodonts  in  samples  04/  11,  15,  97 

total  weight:  270  kg  total  elements:  4 

05  Callytharra  Formation  (measured  section) 

plotted  map:  Yalbalgo  1:100  000  lat./Iong.  25°02.15'S,1 14°58.58'E 

remarks:  type  section  Jimba  Jimba  Calcarenite  of  Condon,  now  recognised  as  the  upper  part 
of  the  Callytharra  Formation  (Mory  1997,  pers.  comm.) 

38  samples:  3  productive,  2  missing  residues 
conodonts  in  samples  05/  01,  08,  10 
total  weight:  114  kg 


total  elements:  7 
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06  Callytharra  Formation  (measured  section) 

plotted  map:  Daurie  Creek  1:100  000  orthophoto  map  lat./long.  25°13.5'S,115°32'E  to 

25°13.0'S,115°31'E 

remarks:  section  7,  Pells  Range,  of  Condon  (1967),  middle-upper  part  of  section  very  poorly 
exposed  and  not  collected  except  for  samples  at  top 
39  samples:  7  productive,  2  missing  residues 
conodonts  in  samples  06/  02,  04,  05,  09,  19,  21,  29 
total  weight:  111  kg  total  elements:  8 

20  Callytharra  Formation  (lower  part) 

plotted  map:  Yalbalgo  1:100  000  lat./long.  25°02'S,114°58.64'E 

remarks:  Jimba  Jimba  Syncline  area,  south  of  the  Gascoyne  River.  Portion  of  Callytharra 
Formation  below  the  sandstone  member.  Probably  approximated  section  8  of  Condon 
(1967).  See  Condon  (1967:  figs  64  [map],  65,  76). 

15  samples:  4  productive,  1  missing  residue 
conodonts  in  samples  20/  01,  02,  04,  11 

total  weight:  40.8  kg  total  elements:  14 

22  Callytharra  Formation  (lower  part) 

plotted  map:  Yalbalgo  1:100000  lat./long.  25°02.78'S,114°59.00'E 

remarks:  spot  sample  in  test  pit  of  Public  Works  Dept  (WA),  probably  equivalent  to  upper 
shale  interval  of  section  20  (see  section  20  above) 

1  sample:  1  productive, 
conodonts  in  samples  22/  01 

total  weight:  25  kg  total  elements:  5 

32  Coolkilya  Greywacke 

plotted  map:  Mardathuna  1:100  000  lat./long.  24°7.32'S,114°50'E 

remarks:  vicinity  of  Southern  Cross  Bore,  near  reference  section  of  Condon  (1967:  183,  figs 
139,  140) 

7  samples:  1  productive 
conodonts  in  samples  32/  07b 

total  weight:  27  kg  total  elements:  1 

34  Coyrie  Formation 

plotted  map:  Mount  Sandiman  1:100000  lat./long.  24°5.08'S,115°7.23'E 

remarks:  type  section,  see  Condon  (1967:  126,  figs  78  [map],  102  [section]) 

2  samples: 

conodonts  in  samples  34/  01 

total  weight:  3  kg  total  elements:  1 

36  Coyrie  Formation 

plotted  map:  Winning  1:100  000  lat./long.  23°23.66'S,114°32.76'E 

remarks:  collected  along  Lyndon  River,  NE  of  track  from  Five  Mile  Bore  to  vicinity  of 
Charly  Well.  Spot  samples. 

3  samples:  1  productive 
conodonts  in  samples  36/  02 

total  weight:  9  kg  total  elements:  1 

41  Coyrie  Formation 

plotted  map:  Yalbalgo  1:100  000  lat./long.  25°  11.1 7'S,  1 1 4°59.82'E 

remarks:  spot  sample  of  float  near  outcrop,  south  of  Boolardy  Well 
1  sample:  1  productive 
conodonts  in  samples  41/01 

total  weight:  3  kg  total  elements:  4 
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Barents  Sea  130,  131,  173,  328 
Basleo  Region 

age  determination  52-4,  55 
ammonoids  49,  52 

crinoid  and  blastoid  faunas  46,  48,  51,  52 — 4,  55,  292, 
299 

echinoderms  50,  52 
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Batu  Asah  fauna  409 
Beekeeper  1  91 
Beekeeper  Formation  109 
Beharra  Springs  2  91,109 
Belford  Formation  242 
Bell  Canyon  Formation  76,  21 1,  212 
bentonite  beds,  eastern  Australia  80 
Berriedale  Formation  173,  181 
Biconvexiella  beds  240 
Bingma  Formation  402 
Binthalya  Formation  1 10 
Biozone  XV  131 
Bipemphigus  203 
Bitauni 

faunas  46,  47,48,51,299 
stratigraphy  48,  49 
Black  Alley  Shale  188,  253 
blastoids 

age  and  distribution,  Timor  53-4 
range  corrections,  Timor  55 
Timor  45,  46,  50,  51,  52,  54,  55 
Blue  Mountains  3,  18 
blue  green  algae  393 
Boesiles  157,  158 
Bolbocrinus  54 
Bolorian  Stage  76,  1 59 
Bonaparte  Basin  87,  94,  107,  108,  112 
brachiopod  zones  and  faunas  95-6 
palynostratigraphic  zones  1 1 1 
pleurotomarian  gastropods  163-71 
Bonaparte  Basin  1,  carbon  isotope  signature  259-61 
Bonaparte  Basin  2,  carbon  isotope  signature  261 
Boreal  Realm  94,  173,  197,  202,  205 
faunas  96,  103,  208,  212,  275,  276,  277 
Tethyan  Lopingiati  base  212 
Boreal-Tethyan  mixed  fauna,  Japan  281,  282-3,  284 
Bowen  Basin  10,  326 

carbon  isotopic  signatures  261-2 
foraminifera  zonation,  Denison  Trough  173-89 
palynofloras  250 

Permian  sequence  correlations  81,  242,  249 
brachiopod  faunal  provinces,  Japan  284 
brachiopod  faunas 
bipolarity  96,  1 03 
Japan  281-1,  286 
Kanokura  Formation  275,  276 
Langkawi  Island  409,  41 5 
Liutiaogou  Formation  276 
New  Zealand  235,  241-3 
Primoryc,  Russia  277 
South  China  277 
Timor  46, 47,  48 
Transcaucasia  277 
Western  Australia  87,  96 
Bonaparte  Basin  95-6 
Canning  Basin  94-5,  243 
Carnarvon  Basin  91-4 
Perth  Basin  90-1 

brachiopod  zonation  schemes,  Perth  Basin  90-1 
brachiopods 

as  zonal  indicators  90 
Permian-Triassic  boundary  79 


permianellid  267-77 
Brae  Formation  242 
Brevaxina  dyhrenfurthi  Zone  355 
Brevitrileles  subangaricus  124,  126,  127 
Brouwer,  FI.  A.  49 
Brown,  Robert  17,  18 
Brushy  Canyon  Formation  76,  207 
bryozoans  393,  394,  395,  409,  415 
Bulgadoo  Shale  54,  93 
Bulunites  158 
Buntsandstein  203 
Burck,  H.  D.  M.  48,  49 
Byro  Group  91,  92-1,  109,  111,  180,  181 

Cadocrinus  54,  55,  293 
Calamopora  18 
Calamospora  128 

aff.  iandiana  126,  127 
landiana  124,  131 
Calceolispongia  53,  293 
digitata  51 
mammealus  5 1 
spinosus  5 1 

calceolispongiids  200,  299 
calcisponges  393,  394,  395 
Callispirina  276 
sp.  nov.  92 
Callistophytales  122 

Callytharra  Formation  50,  51,  52,  53,  54,  55,  109,  110, 
173,  178 

brachiopods  90,  91 , 92 
conodonts  423,  425,  432 
crinoids  292,  293,  294 
Callytharrella  callytharrensis  90,  92 
?Callytharrella  sp.  91 
Calophyllum  sp.  276 
Calvezina  sp.  1 87 1 
Calycoblastus  50 

Catycocrinus  50,  51 , 53,  54,  55,  293 
kupangensis  55 
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Calytrix  Formation  (Grant  Group)  95 
camerates  299 

Camerisma  callytharrensis  92 
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205 

Camptocrinus  53 
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Canadian  Arctic  Archipelago  130 
Cancellina ,  sp.  1 48 
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sp.  277 

Candace  1  112 
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stratigraphy  421 
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conodonts  206,  210,  211, 212 
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Russian  Platform  262 
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classification  matrix.  East  Russian  Platform  233 
mineral  content,  East  Russian  Platform  228,  230 
carbonate-coal  sequences.  North  China  369,  371-6 
coal  deposition  381-2 

higher  frequency  carbonate/coal  cycles  379-81 
shallow  water  carbonates  376 
tide  dominated  clastic  systems  376-9 
Carboniferous  15,  18,  21,  25,  27,  37,  122,  294 
definition  17 
Lower  402 

South  China  349,  350 
Upper  53,  349,  353,  364,  371 

Carboniferous-Pcrmian  boundary  23,  25,  27,  43,  157,  198 
Xiaodushan  section,  Guangnan  area  352,  353 
see  also  Permo-Carboniferous 
Carboniferous-Permian  Reverse  Superchrone  (CPRS)  80 
Carboniferous-Permian  Reversed  Megazone  (CPRM)  74 
Cardielh  159 
cardiolepidaceans  128 
Cardiolepis  128 

Carnarvon  Basin  87,  90,  91, 96,  107,  108,  327 
biostratigraphy  425-9 
brachiopod  zones  and  faunas  91-4 
conodont  faunas  87,  91,  419-23,  460-1 
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pleurotomarian  gastropods  163-71 
stratigraphy  421 
Camian  391,  395,  396 
Carolyn  Formation  (Grant  Group)  95 
Carrandibby  Formation  91,  173 
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Carynginia  Formation  109,  181 
Cathaysia  277 

Cathaysia  Sea  basin  348,  349,  361 
sea  level  changes  362,  364 
Cathaysian  Flora  309-10,  327 
Cathaysian  Province  131,  275,  276,  277 
Cathaysian-Tcthys  fauna  317 
Cathedralian  Stage  74,  76,  210,  355,  427 
Catherine  Sandstone  1 84-5,  200 

Cattle  Creek  Formation,  foraminifera  zones  173,  175,  178, 
181 

Caytonia  1 1 8 
Cedripites  122 
priscusl  120,  121 
priscus  122,  129 
Cedrus  122 

densireticulata  122 
Ceipingshan  Formation  361 
Cenorhynchia  284 
cephalopods  222,  427 

Changhsing  Formation  252,  347,  361,  363,  364 
Changhsingian  78,  79,  226,  243,  300,  361,  363,  371, 429 
as  uppermost  Permian  stage  248,  249,  250,  263 
reef  building,  South  China  388,  394,  395,  396-7 
sea  level  changes  361,  364 
Charaloschwagerina  Zone  349 
chemostratigraphic  signals  75-6 
Cherrabun  fauna  55,  56 
Cherrabun  Member  95,  243,  292 
Cherry  Canyon  Formation  207 
Chert  Member  4 10 

Chhidru  Formation  78,  131,  242,  243,  250,  251,  429 
Chhidruan  48,  74,  79,  131 
Chiangnan  Sea  basin  348, 349 
sea  level  changes  362,  364 

Chihsia  Formation  273,  347,  349,  353,  355,  356,  359,  363, 
364 

Chihsian  74,  75,  353,  364,  427 

Chihsian-Maokouan  349,  353,  364 

China  see  North  China;  South  China;  southwestern  China 


Chinglung  Formation  252 
Chonetes  276 

Chonelinella  sp.  9 1 ,  94,  277 
Chordecystia  chalasta  251 

chronostratigraphic  successions,  north-south  correlation 
80-1 

Chuanshan  Formation  349,  350,  353,  355,  364,  385 
Chuanshanian  Scries  347,  349,  364 
Chuping  Limestone  405,  407,  409,  410,  414 
versus  Jong  Limestone  415 
Chusenella  chosiensis  275 
Cibolites  153 
costalus  155 
curvoplicatus  154 
dongwuliensis  154 
parvus  154 
sp.  151 
uddeni 151 

Cibolocrinus  53,  54,  293 
Cimmerian  provincial  regions  87,  96 
Cisuralian  93,  197 

conodont  zonation  204,  205,  206 
Upper  241-2 

Cisuralian  Series  73,  74,  198,  204 
Cladaitina?  120,  121,  122 
Cladaitina  129 
Cladophebis 
sp.  314 

sp.  cf.  australis  309 
Cladostrobus  lutuginii  1 22 
Claraia  221, 254 

Clarke,  Rev.  W.  B.  3,  4,  19,  22,  23,  25,  35 
Clarkina  198,  203 
altudaensis  21 1,  212 
asymmetrica  78 
carinata  202,  215 
aff.  changxingensis  78 
crofti  21 1 
defiecla  200 
doukouensis  74 
lanceolata  21 1 
I event  198 
orienlalis  78 
postbitteri  21 1 
sp.  nov.  A  200,  201 
subcarinata  202,  211,212 
Clarkina  altudaensis  Zone  21 1,  212 
Clarkina  asymmetrica  Zone  363 
Clarkina  changxingensis  Zone  361 
Clarkina  doukouensis  Zone  212,  361 
Clarkina  leveni  Zone  212,  361,  363 
Clarkina  orientalis  Zone  363 
Clarkina  postbitteri  Zone  74,  78,  212,  361,  363 
Cleiothyridina 
baracoodensis  90 
cf.  baracoodensis  92 
cf.  macleayana  93,  95 
macleayana  93 
ovalis  92 
penta  95 
perthensis  91 
sp.  91,  92,  94,  95,  96 
spp.  95 

Climacammina  sp.  225,  226 
coal  measures 

fuss  about  21,  22-3 

New  South  Wales  7,  10,  19,  23,  43,  80 
coal  scams  334,  338,  339 
Europe  328 
Gondwanan  327 
South  China  361, 363,  364 
Western  Port  21 

see  also  carbonate-coal  sequences,  North  China 
Codono/usiella  bvangsiensis  Zone  361,  363 
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Codonofusiella  laxa  276 
Codonofusiella-Reichelina  78 
Coenocystis  50 

Coimadai  Creek,  Bacchus  Marsh  37 
Colania  kotsuboensis  148 

Colania  kotsuboensis  Zone  148,  150,  151,  153,  154,  155 
Colaniella 

cylindrica  225,  226 
cf.  lepida  225,  226 
parva  225,  226 
Colbenzian  300 

Cold  Temperate  water  masses  325-6 
Collie  Basin  107 

palynostratigraphic  zones  109,  113 
Colospongia  394,  395 
Composila  sp.  91 
Compressoproductus  284 
compressus  277 
djulfensis  277 
Comuquia  australis  92 
conglomerates,  Bacchus  Marsh  33,  34,  37 
conodonts 

biochronology  197-216 
chronology  problems  197-8 
cool  water  and  shallow  water  faunas  198,  202,  424 
correlations  73-81 
FADs  198-212 

gondolellid  198, 202-3,  207-8,  210-15 
South  China  73-81,  207,  211,  350,  361,  363 
standard  zones,  Lower  Permian  424,  428,  429 
Upper  Permian,  European  Russia  1 37—44 
West  Timor  427 

Western  Australia  87,  91, 92,  249,  419-61 
systematic  palaeontology  430-58 
continental  red  beds,  geochemistry  230 
Cool  Subtropical  water  masses  325 
Coolkilella 
bella  93,  95 
coolkilyaensis  94 
maitlandi  9 1 

Coolkilya  Sandstone  91,  93,  94,  96,  1 10,  1 12,  423, 429 
Copacabana  Formation  56 
Coral  BlufTTectonic  Assemblage  238-9,  240 
corals  19,  21, 46, 48,  276,  393-5,  402 
cordaitanthalcans  128 
Cordaites  clercii  128 
Cordaitina  129 
sp.  120,  121,  122 
Corrugopecten  235 
Corynella  394 
Coscinophora  284 
Costatumulus  96,  103 
capillatus  95 
cf.  irwinensis  92 
irwinensis  90,  95 
occidentalis  91 
sp.  92,  95 

Costatumulusl  sp.  95 
Costatispirifer  gracilis  95 
Costiferina  276,  317 
thomasi  96 
wadei  95 

Coyrie-Madeline  Formation  91,  92,  423,  427 
Crassispirifer  96 
condoni 92 
pinguis  93,  95 
rostalinus  92 
Cratispirifer  nuraensis  95 
Crimites  158,  159 
crinoids 

environments  299-300 

localities  and  faunal  relationships  289-92,  304-8 

Tethyan  endemics  293—4 

Tethyan  palaeobiogeography  289-300 


Timor  45,  46,  47,  48,  49,  50,  51,  52,  54,  56,  289,  291, 
294,  299,  300 
range  corrections  55 
Crocker  Formation,  Qld  53 
Cryptocoelia  394 
cryptogam  spores  124-6,  128-9 
Cryptoseptida  caseyi  188 
Cryptospirifer  276 
sp.  276 ' 

Cuipingshan  Formation  364 
Cuncudgerie  Sandstone  90,  95 
Cundaria  aquilaformis  9 1 
Cundlego  Formation  93,  299 
Cutoff  Formation  75,  76 
Cyathocriniles  292,  293,  294 
virgalensis  292 
cyathocrinitids  299 
Cyathocrinus  292 
g olialhus  292 
indicus  292 
kattaensis  292 
Cycadopites  124,  128,  129 
sp.  nov.?  124,  125 

Cyclolobus  78,  95,  130,  242,  243,  253,  318 
kiselevae  155 
persutcatus  56,  161 
Cyclopteris  35 
Cydonocrinus  53,  294 

Cypridodella  muelleri  group  morphotype  213,  215 
Cyrtella 

australis  91 
koopi 95 

? Cyrtella  sp.  90,  91,  92,  95 
Cystophrenlis  402 
Cystothalamia  394 

Daixites  157,  158 
Dajianggang  flora  319 
Dalongkou  section  203,  206 
Dana,  J.  D.  3,  5,  19-20 
Dangchong  Formation  1 54 
Daraelites  159 

Darlington  Limestone  Formation  173,  292 
Dashizhai  Formation  320 
Dauhichites  78,  80,  81,  93^1,  95,  161 
bulakovensis  160 
goochi  160 
David,  T.  W.  E.  25 
dc  Koninck,  L.  G.  25 

deeper  water  global  ocean  circulation  102,  103 
Delaware  Basin  205,  206,  207,  21 1 
lithostratigraphy  208 
Dclenjin  fauna  243 
Delocrinus  53 

Deltoblastus  50,  52,  54,  55,  292 
Demonedys  96 
granti  93 

Denison  NS  20,  carbon  isotope  signatures  261-2 
Denison  Trough 

biostratigraphy  175-88 
foraminifera  zonation  173-89 
stratigraphy  175 
Densoisporites  129,  131 
Dentalina 
grayi  181 
habra  187 
Derbyella  sp.  276 
Derbyia 

hardmani  95,  96 
sp.  94 

Derbyiinae  gen.  and  sp.  indet.  277 
Devonian  21, 53 
Bacchus  Marsh  33 
Lower  407 
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Dhulfian  see  Dzhulfian 
diamictites  327,  328, 424 

Dianqiangui  Sea  basin  348,  349,  350,  351,  352,  353 
sea  level  changes  362,  364 
Dichocrinusl  294 
Dictyoclostus  276 
Dicynodon  203,  204 

Dicystoconcha  269,  270,  272,  273,  275,  276,  277 
lapparenti  267,  268,  269,  272 
Didecitriletes  byroensis  Sub  zone  1 10 
DidecilrUetes  ericianus  Zone  109,  113 
Didecitriletes  granulata  Zone  110,  111,  112 
Didecitriletes  parvithola  Zone  110,  111 
Dingjiashan  Formation  359 
Dingjiazhai  Formation  402 
Diplognathus  439 
oertlii  427 

diploxylonoid  protosaccate  pollen  120 
Dipunctella  272 
contracta  273 

disaccate  pollen,  ribbed  1 20 

disaccate  pollen  with  an  entire  cappa  120-2,  128 

disparids  299 

Djebel  Tebaga  48,  52,  54,  292 
Djulfian  see  Dzhulfian 
Doi  Pha  Phlung  area 

Dorashamian  biostratigraphy  221-6 
geological  setting  221 
dolerite  7-8 

Dorashamian  129,  198,  203,  212,  214 

biostratigraphy,  Doi  Pha  Phlung  area  221-6 
D’Orbigny,  Alcide  22 
Dorf  Sebot,  fauna  51-2 
Doulingoceras  spp.  1 54 
Dry  Subtropical  water  masses  325 
Dulhuntyispora 
granulata  1 1 1 
parvithola  109 
stellata  1 1 1 

Dulhuntyispora  parvithola  Zone  109,  111,  253 
Dunn,  E.  J.  34 
Duplivitlatina  124,  129 
spp.  129 

Dvinostrobus  sagittalis  1 28 
Dyschrestia 
colemani  93 
micracantha  92 
sp.  94 

Dzhulfian  54,  73,  78,  94,  95,  107,  11 1,  129,  130,  155 
conodonts  198,  203,  212,  214 
Transcaucasia  277 
Western  Australia  250, 253 
?Dzhulfian  112 

Dzhulfian-Dorashamian  345,  361,  366 
Earlandia  condoni  178 

Early  Artinskian  50,  53,  54,  55,  90,  92,  179,  315,  407,  425 
Early  Carboniferous  50 
Early  Kazanian  91 
Early  Kungurian  76, 435, 454 
Early  Permian  37,  43,  53,  94,  326,  353,  364,  382 
conodonts  428 
north  east  Asia  317,  320 

northwestern  Peninsular  Malaysia  403,  413,  414,  415 
reefs,  South  China  385 
Timor  45, 46,  52,  53,  54,  55 
Early  Sakmarian  37,  95, 409 
Early  Triassic  120,  129,  131,  247,  253,  349,  363 
boundary  248,  249,  250,  254,  255,  262-3 
reefs.  South  China  391, 396,  397 
see  also  Permian-Triassic  boundary 
East  Russian  Platform,  geochemical  correlations  227-33 
eastern  Australia 

chronostratigraphic  successions  80-1 


crinoids  292 

eastern  Gondwanaland  conodont  faunas  439-0 
Echinalosia  91,  96,  235 
discinia  242 
maxwelli  242 
prideri  92 
simpsoni  91 

Echinalosia  discinia  Zone  240,  242 
Echinalosia  maxwelli  Zone  240,  242 
Echinalosia  ovalis  Zone  240-1 , 242 
Echinalosia  prideri  Zone  91,  92,  94,  95 
Echinauris  opuntia  277 
Echinoconchus  276 
echinoderms,  Timor  46,  49,  50-1,  54 
Edriosteges  276,  277 
poyangensis  277 
Elbow  Creek  Formation  236,  238 
Ellisonia  202 

Elsdun  Formation  235,  239,  240 
Elvina  hoskingae  90 
Embryocrinus  52,  53,  54 
hanieli  5 1 
Emilites  157 

Enantignathus  ziegleri  group  morphotye  213 
Enteletes  283,  284 
cf,  andrewsi  276 
Eoasianites  157,  158 
Eocristellaria  initialis  185 
eolianites  327 
Eolyttonia  284 
Eothinites  1 59 
Eotomariidac  163-71 
Eotomariides  167-70 
Eotumaroceras  159 
Ephedripites  129 
Epijuresanites  vaigachensis  1 60 
Epithalassoceras  78 
Etheridge  Jnr,  R.  23,  24,  25 

Carboniferous  and  Permo-Carboniferous  formations, 
NSW  27 
Etherilosia 
calytrixi  95 
carolynae  95 
complectens  93,  95 
etheridgei  90 
prendergastae  93 
sp.  91,92,  95 
Eumedlicottia 
nikitinae  155 
primas  151 

Eurydesma  cordatum  horizon  25 
Eutelecrinus  50,  55 
evaporites  324,  327,  329,  336 

Fabulasteges  272 
Falcisporites  128 
Falsisca  203 
eotriassica  203 
postera  203 
Fascioslomia  128 
Fascipleris  aidunae  310,  314 
Fatoe  Koeat,  stratigraphy  49 
Feistmantel,  Otakar  23,  43 
Fern  Tree  Formation  173 
Filippovian  Horizon  92 
Finnmark  Platform  130,  131 

first  appearance  datums  (FADs)  130-1,  198-212,  249,  250 
Flat  Top  Formation  186 
Fletcheripecten  235 
Fletcherithyris 

cf.  hardmani  90,  95 
hardmani  95 
'Florinites'  129 
Follicucullus  ventricosus  2 1 2 
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foraminifera 

North  Thailand  222 

zonalion,  Denison  Trough  173-89 

zonalion  schemes  90 

Fossil  Cliff  Formation  (Perth  Basin)  90,  92,  109,  173,  178 
Fossil  Head  Formation  (Port  Keats  District)  96,  1 1 1 
Franklin,  Lady  Jane  6,  7 
Franklin,  Sir  John  6,  8 
?Fredericksia  sp.  nov.  92,  93 
Frcitag  Formation  173,  182 
fungal  palynomorphs  251,  252 
Fusacolpites  120 
Fusispirifer  96 
cf.  avicula  91 
byroensis  91,92 
carnarvonensis  94 
coolkilyaensis  94 
cundlegoensis  93 
kennediensis  94 
quinnaniensis  93 
sp.  91, 92,  93 
wandageensis  93,  95 
Fusispirifer  byroensis  Zone  92 
Fusispirifer  coolkilyaensis  Zone  94 
Fusispirifer  cundlegoensis  Zone  93 
Fusispirifer  wandageensis  Zone  92,  93,  95 
Fusulina-Fusulinella  Zone  353 
fusulinids 
Japan  275-6 
Langkawi  Island  415 

Middle  Permian  Tethyan  scale  206-7,  210 

Mongolia  276 

North  Thailand  222,  226 

Russian  Far  East  1 55 

South  China  154,  277,  350,  361 

South  Kitakami  Belt,  Japan  147,  148,  151,  153 

Gabon  Basin  327 
Gaijiao  Member  355 
Gallowayinella  222 
guidingensis  225,  226 
Gangamopteris  34,  35,  37 
angustifolia  35,  36,  37 
douglasii  36,  37 
longifolius  35 
obliqua  35 
spalulala  35,  36,  37 

Gangamopteris  flora,  Bacchus  Marsh  36-7,  43 

Gangetian  Stage  243 

Ganjaroh  Member  243 

Gatia  superba  92 

Geinitzia  130 

Gemmellaroia  283 

geochemical  correlation.  East  Russian  Platform  sediments 
227-33 
geognosy  5-6 
Germanic  Basin  201, 203 
Geyerella  276,  283 
Ghariff  Formation  292 
Gigantonoclea  iriani  310,  314,  315 
Gigoomgan  Limestone  186 
Gijigin  horizon  243 
Gilledia 

cf.  homevalensis  93,  95 
cf.  woolagensis  9 1 
woolagensis  9 1 
ginkgocycadophytes  1 1 8 
Gippsland  4-5 
Gissocrinusl  294 
Gjelispinifera  decipiens  92 
Glabripecten  235 
Glabrocingulum  167,  168 
beggi  167 

Glabrocingulum  (Stenozone)  167-8 


brennensis  168 

costatiformis  sp.  nov.  168,  169,  170 
elegans  sp.  nov.  168, 169,  170 
johnstonei  168,  169 
nodosuturala  167,  170 
glacial  diamictites  327,  328, 414 
glacial  sediments,  Bacchus  Marsh  31^*3 
Glacial  water  masses  326 
Glaphyrites  157,  158 
Glass  Mountains  207,  2 1 0,  2 1 1 , 2 1 2,  242 
Glendale  Formation  238,  239,  240,  241 
Glendale  Limestone  240 
Glendon  21 

Global  Stratotypc  Section  and  Points  (GSSPs)  73 
Globiella 
flexuosa  92 
foordi  90 

Glomospirella  nyei  192 
Glossophyllum  128 
Glossopteris  18,  37,  310,  315,  319 
browniana  16,  17,  19,  35 
emarginata  3 1 3 
iriani  310,  312,  313 

jongmansii  sp.  nov.  3 1 0-1 1 ,  3 1 2,  3 1 3,  3 1 4 

skwarkoi  sp.  nov.  312,  313 

sp.  A  313 

sp.  B  313-14 

sp.  cf.  browniana  309 

sp.  C314 

sp.  D313 

sp.  E  314 

sp.  F312,  313,  314 
sp.  G  313 

sp.  H312,  313,  314 
sp.  cf.  indica  309,  314 
sp.  cf.  retifera  309,  312,  313 
syaldiensis  31 1 
symmetrifolia  310 
wagneri  sp.  nov.  312,  313 
Glossopteris  coal  beds  23,  37,  253 
Glossopteris  flora  250 
Bacchus  Marsh  31,  37 
Irian  Jaya  309-15 
Glyptophiceras  Beds  200 
Glyptosteges  284 
Gobioceras  lobulatum  1 60 
Golden  Valley  Group  173 
Gondolella  441 , 447 
bisselli  433 
postdenuda  447 
sublanceolata  447 

gondolellid  conodonts  198,  202-3,  207-8,  210-15 
Gondolelloides  cnadiensis  1 97 
Gondwana 
coals  327 

conodont  faunas  197,  429-30 
Glossopteris  flora  250,  3 1 0 
phytogeographic  provinces  1 3 1 
Gondwana  Tethyan  fauna  fossils  317 
Gondwanan  Permian  17 

and  the  Permian  Subcommission  85 
Gondwanan  Provinces  277 
Goniarina  283 
Grant  Group  110,  111,  173 
Graphiocrinus  52,  53 
Greenland  130,  251 

conodonts  200,  212,  215 
Greta  coal  measures  43 
Grevillc  Formation  243 
Griesbachian  129,  249,  250,  363 
Grumantia  cf.  costellata  91 
GSQ  Eddystone  1  182,  185,  187,  192 
GSQ  Eddystone  4  1 78,  1 80,  1 8 1 ,  1 85,  1 87,  1 93 
GSQ  Eddystone  5  182,185,191 
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GSQ  Springsure  2 
GSQ  Springsure  3 
GSQ  Springsure  6 
GSQ  Springsure  7 
GSQ  Springsure  8 
GSQ  Springsure  9 
GSQ  Springsure  10 
GSQ  Springsure  1 8 
GSQ  Springsure  19 
GSQ  Taroom  181 
GSQ  Taroom  10  178,  180,  182,  183,  184,  185,  187,  194 
GSQ  Taroom  11  1 82,  1 85,  1 87,  1 95 
GSWA  Ballythanna  1  110 
Guadalupe  Mountains  207 
Guadalupia  394 

Guadalupian  regression  361, 366 
Guadalupian  Series  54,  55,  73,  74,  76,  77,  78,  79,  355, 
386,  429 


187,  188 

182,  183,  185,  186,  187 
181,  185 
180,  184 

179,  180,  181,  183 
178,  179,  180,  181,  182 

182,  185,  187,  188 

183,  185,  189 
182,  185,  187,  190 


conodont  zonation  198,  205,  206,  207,  209 
New  Zealand  brachiopods  242 
permianellids  274,  275,  277 
Guadalupian-Dzhulfian  boundary  212 
Guadalupian-Lopingian  boundary  74,  76,  21 1,  212 
Guadalupian-Lopingian  transitional  sequence  78 
Guangdongina  272 
Guangjiayanella  272 
Guizhou  area 
faunas  3 1 7,  3 1 8 
reefal  forms  391 

Yanghsing  Supersequence  354,  355,  356,  359 
Gullodus  catalanoi  207,  208,  2 1 0 
Gunnedah  Basin  249 
Guodikeng  Formation  206 
Gusinozemclian  Suite  173 
Guttulapoleniles  120 


Hambast  Formation  74 
Hamiapollenites  129 
haploxylonoid  saccate  pollen  120 
Hardman  Formation  94,  95,  111,  253 
Harper’s  Hill  19,  21 
Hawkesbury  Sandstone  43 
Hawtel  Formation  235,  238 
Haydenella  277,  3 1 7 
kiangsiensis  277 
sp.  276 
tumida  277 
Helix  carinatus  1 63 
Helix?  strialus  167 
Hemichonetes  276 
Hemigordius 
harlloni  188 
schlumbergeri  179,  180 
? Hemiptychina  sp.  95 
Heshan  Formation  364 
Hessian  Stage  76 

Hibbardella  magnidentata  group  morphotype  213,  215 
Hida  Gaicn  Belt  282,  283 
Hida  Terrane  281 
High  Cliff  Sandstone  90,  109 
Highstand  System  Tracis  353,  381 
Hillela  marginodentata  1 83 
Hillela  marginodentata  Zone  182 
Hilton  Limestone  Formation  238,  240,  241 
Hindeodus  198,  202,  214,  425,  430,  432 
excavalus  202 
gulloides  207,  208,210 
latidentatus  praeparvus  201,  202,  203 
parvus  78,  199,  200,  201,  202,  203,  248,  249,  250 
sp.  422,  427,  434-5 
sp.  1  432 
sp.  2  432 
sp.  3  433 

typicalis  201,  202,  203 


Hindeodus  parvus  Zone  202,  203 

Hindeodus  typicalis-H.  latidentatus  praeparvus-H.  parvus 
199 

Hivach  Formation  243 
Holmwood  Shale  109,  173,  180 
Hoskingia 
grandis  95 
cf.  grandis  95 
kennediensis  93 
nobilis  9 1 
skwarkoi  91 
sp.  92 

trigonopsis  92 
wandageensis  93 
cf.  wandageensis  93,  95 
Houziguan  Formation  355 
Howchinella 
aulax  181 
costata  181 
hillae  181 
incisa  187 
striatosulcata  185 
Howchinella  manluaensis  Zone  188 
Howchinella  rigida  Zone  1 79-80 
Howchinella  woodwardi  Zone  1 78 
Hsuanwei  Formation  364 
Huai  Thak  Formation  221 
Dorashamian  fauna  221-6 
Huanglung  Formation  353,  364 
Humboldtia  402 
Hunter  Valley  18,  19,  23 
Hushi  Sandstone  377,  379,  381 
Hustedia  276 
basedowi  93,  95 
exilis  276 
grandicosta  276 
sp.  95,  96 
sp.  nov.  92 
hydrozoans  394 
Hyland  Bay  Formation  1 1 1 
Hyperamminia 

cf.  hebdebensis  1 82 
elegantissima  178 
Hypophiceras  201 

lchlhyolaria 

laevicostata  186 
sulilis  181 
Illawarra  18,  21 

Illawarra  Reversal  73,  74,  80,  242 
Imperiospira 

campbelli  93,  94,  96 
dickinsi  92 
franzjosefi  93,  95 
sp.  92,  93 
India  53,  118,  293 
water  masses  327 

Ingelara  Formation  173,  182,  183,  184 

Inman  River  Valley,  SA  32 

Inner  Mongolia,  palaeogeography  319-20 

Inner  Mongolian-Japanese  Transition  Zone  284,  319 

inozoans  394 

Intertropical  Convergence  Zone  (ITCZ)  324,  327 
Ipciphyllum  394 
Iranognathus 
sosioensis  214 
sp.  nov.  214 
tarazi  2 1 3 
unicostatus  214 
Irenian  Substage  93 
Irian  Jaya 

Glossopteris  flora  309-15 
Permian  plant  distribution  31 1 
Irwin  River  90 
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Coal  Measures  109 
Isarcicella  isarcica  Zone  202 
Ishigaconus  sholaslicus  212 
Isogramma  276 

Iwaizaki  district,  South  Kitakami  Belt  151-2 
Iwaizaki  Limestone  151 
Iwaizakian  Stage  147,  148,  154 

Japan 

ammonoids  147,  150,  151-5 
fusulinids  147,  148,  151,  153,275-6 
Middle  Permian  brachiopod  faunas  281-4,  286 
Middle  Permian  reconstruction  284-6 
see  also  South  Kitakami  Belt 
Japanese  islands,  pre  Neogene  tectonic  divisions  281 
Jilingites  kesennumensis  151 
Jimba  Jimba  Calcarenitc  90,  91 
Jinogondolella  207 
aserrala  76 
posts  errata  76 

Jinogondolella  altudaenisis  Zone  74 
Jinogondolella  aserrata  Zone  74 
Jinogondolella  grand  Zone  75,361, 363 
Jinogondolella  nankingensis  Zone  76 
Jinogondolella  postserrata  Zone  349,  359 
Jinogondolella  xuanhanensis  Zone  349,  359,  361 
Jolfa  Section  78 

Jong  Limestone  405,  409, 414,  416 
verus  Chuping  Limestone  415 
Jonkerocrinus  293 
Jukes,  Joseph  Bcete  11,  13,  21 
Jurassic,  New  Zealand  235,  239 
Juresanites  157,  158 
jacksoni  158 

Kabayaman  Stage  148 
Kalabaghian  74,  79 
Kallimorphocrinus  294 

Kamiyassa  Imo  district,  South  Kitakami  Belt  150-1 
Kanokura  Formation  147-8,  275,  276,  283 
Kanokuran  Series  147,  148,  151,  153,  155 
Kargalites  158,  159 
Karoo  Basin  326-7 
Kasimovian  349 

Kattisawan  Stage  147,  148,  150,  154 
Kazanian  48,  54,  1 10,  1 18,  122,  216,  227,  242,  328 
conodont  distribution  137-44 
foraminifera  183,  184 
Lower  137,  138,215,216 
Upper  137 

Kazanian  limestones,  geochemistry  230 
Kazanian-Dzhulfian  48,  80 
Kazanian-Murgabian  185 
Kazanian?-Tatarian  131 
Kedah  405,  406,  407, 410 
Kedao  Formation  276 
Kennedy  Group  109,  110 
Kennedy  Range  110,  112 
Kentut  Member  407,  414 
kerogen,  isotopic  composition  254-61 
Keyling  Formation  1 1 1 
Khisor  Member  243 
Khuff  brachiopod  fauna  274 
Kiangsiella  276 
cf.  condoni  95 
condoni  92 
sp.  91, 95 

Kilang  Kilang  1  111 

Kilim  fauna  409 

King,  Phillip  Parker  King  9,  10,  1 1 
Kirkby  Range  Member  95 
Kisap  Thrust  41 1,416 

igneous  intrusions  and  metamorphism  415 
lithological  and  faunal  comparisons  41 1-15 


Klausipollenites  schaubergeri  129,  131 

Ko  Muk,  Thailand  54 

Kockatca  Shale  249,  250,  253 

Kodiang  Limestone  Formation  405,  409,  410,  415 

Koewafeoe  54 

Kolyma-Omolon  biogeographical  Province  90,  243 
Konig,  Charles  18 
Koraua  hartonoi  310,  314 
Korkuperrimul  Creek  35,  37 
Kowaragi  Formation  147,  148,  150 
Kraeuselisporites  1 26 
sp.  129 

sp.  nov.?  126,  127 
spp.  131 

Kraeuselisporites  saeptatus  Zone  253 
Kraeuselisporites  type  128 
Krasnouftmsk  51,  52,  53,  54,  56 
crinoids  292,  294,  299 
Krotovia  arcuata  Zone  242 
Kubang  Pasu  Formation  405, 409, 410,  415-16 
faunas  414-15 
glacial  diamictites  414 
lower  and  upper  boundaries  414 
sedimentary  structures  414 
versus  Singa  Formation  413-15 
Kubergandian  Stage  206,  207,  210,  275 
versus  Roadian  Stage  76-8 
Kubcrgandian-Midian  345 
Kueichouphyllum  402 
Kuhfeng  Formation  347,  353,  359,  364 
Kuhfengian  78,  154,  276,  364 
Kulnura  Marine  Tongue  184 

Kungurian  48,  74,  76,  80,  92,  93,  94,  95,  112,  122,  235 
ammonoids  1 59-60,  205 
conodont  faunas  197,  205,  214,  425,  427,  429 
New  Zealand  brachiopods  241-2 
permianellids  274,  275 
trans  equatorial  migrations  103 
Kungurian-Ufimian  94 

deeper  water  global  ocean  circulation  102,  103 
Kungurian-Wordian  371 
Kuznetsk  Basin  1 20,  1 28 

Ladinian  391, 395,  396 
Lageniocrinus  50 

Laibin  area,  stratigraphic  framework  357-8,  359 
Laibinian  Substage  78 
Lamar  Limestone  21 1, 212 
Lamnaespina  papilionata  92 
Lamnimargus  himalayensis  Zone  242 
Langkawi  Island  405,  407-9, 415-16 
faunas  415,  509 
Kisap  Thrust  411-15 
Lanschichites  212 

Large  Marine  Ecosystem  unit  (LMEs)  323 
Laricoidites  126 
sp.  126, 127 

Late  Artinskian  75,  92,  94, 409,  427 
Late  Artinskian-Early  Kungurian  181 
Late  Assclian  409 
Late  Asselian-Tastubian  37 
Late  Capitanian  425,  429 
Late  Carboniferous  50,  382,  403 
Late  Carboniferous-Asselian  158 
Late  Changhsingian  429 
Late  Devonian  410, 413 
Late  Devonian-Early  Carboniferous  319 
Late  Guadalupian  80 
Late  Kungurian  93-458 
Late  Pennsylvanian  447 
Late  Permian  247,  319,  410 
conodonts  429 

palaeogeographic  reconstruction  248 
reefs.  South  China  386 
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Russian  Platform  1 18,  130-1,  248,  262 
Timor  45,  52,  53 

Western  Australia  94,  111,  112,  253 
see  also  Permian-Triassic  boundary 
Late  Sakmarian  90,  95,  315,  407 
Late  Sakmarian-Early  Artinskian  178,  415,  427,  456 
Late  Triassic  317,  391,396,41! 

Late  Wuchiapingian  78 
Laterispina  269,  270,  272,  273,  275 
liaoi  268,  269,  273 
parallela  268,  269,  270,  273 
Latispirifer 

amplissmus  95,  96 
callytharrensis  92 
Laurentian  53,  54 
lebachiaceans  128 
Leichhardt,  Ludwig  10,  21 
Lengwuan  Stage  154,  359,  363 
Leninskaya  Suite  128 
Leonardian  48,  74,  77,  427,  429 
Lepidolina 

kumaensis  148,  151,  155 
minatoi  148 

multiseptata  148,  151,  155 
Lepidolina  multiseplala  Zone  148,  151,  153,  155 
Lepidolina  toriyamai  Yabeina  shiraiwensis  Zone  1 53 
Lepidospirifer  284 
Leptodus  275,  276,  277,  283 
nobilis  96 
richthofeni  277 
Leptodus  nobilis  Zone  1 50 
leptostrobaleans  128 
Lerderderg  Gorge  34,  37 
Letham  Formation  235,  238,  239,  240 
Letham  Shear  Zone  239 
Lethamia  235 
ligurritus  240 
obscurus  92 
Lhasa  Block  401-2 

Permo-Carboniferous  sequences  402-4 
Lhotsky,  John  7,  14,  18 
Lialosia  kimberleyensis  93,  95 
Liangfengpo  Formation  364 
Liangshan  Formation  349,  353,  355,  364 
Liangshanophyllum  sinense  276 
Lightjack  Formation  94,  95 
Limatulasporites  fossulatus  126,  129,  131 
?Limatulasporitesfossulatus  126,  127 
Limitisporites  1 29 
Lingula  orientalis  230 
Lingulinodosaria  arctica  185 
Linoproductus  103 
sp.  91 

Lioestheria  paupera  Zone  1 98 
Liosotella  3 1 7 

Litocotliia  270,  272-3,  274,  275 
cateora  268,  269,  272,  273,  277 
Litocrinus  53,  294 
Little  Ben  Sandstone  243 
Liutiaogou  Formation  276 
Liveringa  Group  111,  253 
Liveringia  magnifica  95 
Liveringia  magnifica  Zone  95,  96 
Lixian  Formation  154 
Loczyella  nankingensis  272 
Loczyella?  parvula  267,  269,  272,  273,  277 
Loczyellinac  111 
Longling  Formation  347,  353 
Longlinian  349 
Longyin  Formation  364 
Lonsdale,  William  14,  15,  18,  19 
Loping  supersequence  349,  359-63 
Lower  Triassic  component  359-61 
Permian  component  361-3 


sea  level  changes  364 
Sequence  3.1  363 
Sequence  3.2  363 
Sequence  3.3  363 
Sequence  3.4  363 
Sequence  3.5  363 

Lopingian  Series  73,  74,  198,  275,  347,  353,  363 
boundaries  78,  211, 212 
correlation  79 

New  Zealand  brachiopods  242-3 
reef  building.  South  China  386,  397 
transgression  sequence  361-2 
Lopingian-Yanghsingian  boundary  364 
Lopingoceras  lopingense  111 
Loudian  Section  76 
Lower  Shihhotse  Formation  371 
Lower  Yangtze  Valley  347,  349,  356,  359,  363,  388 
Lowstand  System  Tracts  38! 

Lueckisporites  120,  128,  129 
sp.  nov.?  118,  119 
virkkiae  120,  121,  129,  131 

Lueckisporites  &  Scutasporites  intermediate  1 18,  119,  128 
Lunatisporites  118,  120,  129,  130,  131 
noviaulensis  131 
pellucidus  120,  121,  129 
Lundbladispora  129,  131 
Lungtan  Coal  Series  361 
Lungtan  Formation  347,  353,  361, 363 
Lunucammina  maioris  Zone  185-7 
Lunucammina  major  Zone  1 85-7 
Luodian  section  207,  209,  210 
Lyonia  lyoni  91 
Lyonia  lyoni  Zone  9 1 
Lyons  Group  91,  109 
Lystrosaurus  203,  204 
Lyttoniidae  271 
Lyttonioidea  267,  271 
Lyudyanza  Formation  1 55 

Maan  Formation  363 
McCoy,  Frederick  19,  22,  23,  31,  35 
Machinchang  Formation  407,  415 
Macleay,  W.  S.  19 
Madeline  Formation  92 
Maehanan  Stage  1 55 
Magnesian  Limestone  15,  17 

magnetostratigraphic  zones  and  radiometric  age  74,  80 
Magniplicatina 
magniplica  240 
sp.  nov.  93 

Magniplicatina  magniplica  lens  240,  242 
Maichelina  sp.  1 88 
Maitai  Supergroup  238 
Maitaia  trechmanni  243 
Maizuru  Terrane  281 
Malaysia,  northwest  405-16 
Malbina  Formation  273 
Mangarewa  Formation  235,  238,  239 
Mantuan  Productus  Bed  1 88 

Maokou  Formation  74.  75,  80,  242,  347,  353,  359,  361, 
363,  364 

Maokouan  Series  154,  155,  349,  361,  364,  402 
reef  ecosystems,  South  China  386-8,  393,  395-7 
Maorielasma  235 

Maping  Formation  347,  349,  350,  353,  355,  364 
Maping  supersequence  349-53 

Carboniferous  component  349,  351,  353 
cross  section  351 
Permian  component  350-3 
sea  level  changes  364 
Mapingian  404 
Maranhao  Basin  327 
Marattiaceae  129 
Marginalosia  243 
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Marginalosia  kalikotei  Zone  243 
Marginalosia  planata  Zone  241,  243 
Marginifera  276,  277 
cf.  himalayensis  317 
typica  277 

Marsyangdi  Formation  243 
Martinia  276 
/Martinia  sp.  95 
Martiniopsis 
havilensis  242 
pelicanensis  242 

Martiniopsis  woodi  Zone  241,  243 
Maubisse  Formation  48,  50, 427 
Meandrospira  sp.  1 79,  1 80 
Medlicottia  158,  159,  160 
postorbignyana  160 
sp.  151 

Meekelia  276,  283,.  284 
Megadesmus  spp.  18 
Megasitum  203 
Megasteges 
fairbridgei  95 
septentrionalis  95,  96 
Megousia  103,  283 
solita  240,  241 

Meishan  sections  80,  251, 252,  253 
Mellarium  mutchi  243 
Merlinleigh  Sub  basin  107,  112 
palynostratigraphic  zones  109-10 
Menillina  137,  202,  215,  216 

divergens  137,  138,  141-2,  198,  212,  215,  216 
n.  sp.  216 
vistulensis  212 
Mersey  Formation  173 
TMescalites  158 

Mesogondolella  198,  204,  208,  210,  212,  430,  433,  439, 
447 

aserrata  198,  207,  208,  210,  21 1 
bisselli  205,  210,  425,  427,  447 
britannica  sp.  nov.  198,  212,  212-15,  213 
grand  2 1 1 
gujioensis  2 1 0,  2 1 1 

idahoensis  94,  208,  209,  210,  21 1,  214,  425,  427,  430, 
434-5,  436-40,  442-3,  447 
intermedia  210. 

/event  78 
lineage  214 

nankingensis  208,  209,  210,  21 1 
parasiciliensis  2 1 0 

phosphoriensis  208,  209,  210,  21 1,  212 
lineage  214,  215 
postserrata  198,  210 
rosenkrantzi  208,  2 1 2 
rosenkrantzi  n.  subsp.  214,  215 
rosenkrantzi  rosenkrantzi  214,  215 
saraciniensis  207,  208,  210 
shannoni  2 1 1 

siciliensis  207,  208,  209,  210,  21 1 
sp.  nov.  208,  210 
cf.  zsuisannae  210 

Mesogondolella  bisselli-M.  visibilis  Zone  425 
Mesogondolella  bisselli-Sweetognathus  inornatus  Zone 
425-7,  456 

Mesogondolella  bisselli-Sweetognathus  whitei  Zone  425 
Mesogondolella  gujioensis-M.  intermedia  Zone  76 
Mesogondolella  gujioensis-N.  exculptus  Zone  76 
Mesogondolella  idahoensis  Zone  76,  87 
Mesogondolella  idahoensis-M.  leonovae  Zone  429 
Mesogondolella  idahoensis-Neostreptognathodus 
exculptus  Zone  429 

Mesogondolella  idahoensis-Vjalovognathus  shindyensis 
Zone  425,  427-9,  435,  454 
Mesogondolella  intermedia-Neostreptognathodus 
exculptus  427 


Mesogondolella  nankingensis  Zone  425,  429 
Mesogondolella  obliquimarginata-Sweetognathus  merrilli 
Zone  204 
Mesolobus  276 
sinuosa  275 
Mesozoic  122 
Metadolina  277 
Metadoliolina  lepida  Zone  277 
Metadoliolina  lepida-Lepidolina  kumaensis  Zone  155 
Metadoliolina  multivoluta  Zone  1 54 
Metadoliolina  Zone  359 
Metalegoceras  95,  1 58,  1 59,  409 
cf.  involuta  415 

Metaprioniodus  suevicus  group  morphotype  213,  215 
Metapronorites  1 57,  1 58,  1 59 
Metophiceras  subdemissum  Zone  200 
Mezen  Basin  1 1 7 
Microbaculispora  109 

Microbaculispora  trisina  Zone  109,  110,  111,  112 
Microbaculispora  villosa  Zone  110,  111,  112 
Middle  Permian  78,  85,  206,  328,  425 

ammonoid  faunas.  South  Kitakami  Belt,  Japan  147-55 

brachiopod  faunas,  Japan  281-4,  286 

northwest  Peninsular  Malaysia  403, 410 

reconstruction,  Japan  284-6 

reefs.  South  China  386,  395 

Tethyn  scale  as  standard  206-7 

Timor  46 

Middle  Productus  Limestone  292 
Middle  Triassic  41 1 

reefs,  South  China  391, 395,  396,  397 
Midian  188 

fusulinids  206,  207,210 
Midian  Chandalaz  Formation  155 
Midian-Djhulfian  95 
Millyit  Range  299 
Mingcnew  Formation  91 
Mingenewia  anomala  91 
Mingenewia  anomala  Zone  9 1 
Mino  Belt  282,  284 
Mino  Tcrrane  281,  282,  284,  286 
Misellina  claudiae  1 48 
Misellina  Genozone  76,  154,  355 
Mitchell,  Thomas  3,  18 
Mizukoshi  Formation  283 
Moetis  48 

mollasoid  formation  minerals,  East  Russian  Platform  230 
Mollocrinus  poculum  50 
Monobrachiocrinus  52 
granulatus  5 1 

Monodiexodina  154,  317,  415,  416 
Monodiexodina  matsubaishi  148,  151,  154,  275 
Monodiexodina  matsubaishi  Zone  148,  150,  151,  153,  154, 
155 

Monodiexodina  sutchania-Metadoliolina  dutkevitchi  Zone 
155 

monosaccate  pollen  122 
monosulcate  pollen  1 28 
Moorinella 
bookeri  181 
recurvata  180 
Moorooloo  Member  181 
Moribu  Formation  283 
Morris,  John  1,  14,  15,  19 
Morton  Conglomerate  Member  35,  37 
Mostyndale  Member  1 78 
Mount  Martnion  95 
Mourlonia  163-4,  168 
carinata  163 

demissus  sp,  nov.  164,  165,  166-7 
humilis  166 
maitlandi  164-6,  165 
talboti  164,  165,  166,  167 
Mourlonia?  lyndonensis  170 
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Mt  Kosciuszko  3 

geological  section  13 
Mulbring  Siltstone,  isotopic  age  80 
Mulinopollenites  124 
bonus  124,  125,  129 
Mungadan  Sandstone  110,  112 
Murchison,  Sir  Roderick  1,  11,  12,  13 
Permian  concept  15,  87,  237 
Muree  Sandstone  80 
Murgabian  Stage  76, 206,  207,  210 
Murihiku  Terrane  235,  240 
Murray,  Reginald  A.  F.  34,  37 
Myodelthyrium  dickinsi  92,  95 

Nabekoshiyami  Formation  1 50 
Nabeyama  Limestone  284 
Nabeyaman  427 

Nadanhada  Terrane  faunas  317,  318 
Nakadaira  Formation  150 
Nakhodka  Reef  155 
Nalbia  Sandstone  93 
Nangetty  Formation  109 
Nankinella  1 1 6,  226 
sp.  225,  226 

Nankinella  orbicularia  Zone  356,  359 
Nankinella  Zone  355 
Nanlingella  simplex  Zone  363 
Nannoblastus  50 

Nanpanjiang  area  386,  388,  391,  395 
Nantanella  216 
Nefotassi,  fauna  5 1 
Neoaganides  157 
Neocalamites  128 
Neocamplocrinus  53,  56 
Neochonetes  96 

afanasyevae  94,  95,  96 
cockbaini  92 
hardmani  95 
hockingi  92 
magnus  91 

nalbiaensis  93,  94,  95 
obrieni  91 , 95 
prattii  90,  95 
robuslus  91,  93,  96 
sp.  93,  95 

tenuicapillatus  93, 95 
Neochonetes  afanasyevae  Zone  94,  96 
Neochonetes  magnus  Zone  90-1,  92 
Neochonetes  nalbiaensis  Zone  93,  111 
Neocrimites  158,  159 
pavlovi  159 

Neocrimites  fredericksi-Propinacoceras  ajense  Zone  205 
Neoe  Kot,  stratigraphy  49 
Neofusulinella  274 
Neogeoceras  thaumastum  155 
neoglaphyrites  1 57 
Neogondolella  44 1 
bisselli  427 

aff.  idahoensis  212,  214 
phosphoriaensis  78 
aff.  phosphoriaensis  78 
rosenkrantzi  78 
Neolageniocrinus  50 
Neoplatycrinus  50,  53,  55 
callytharraensis  50 
somoholensis  50 

Neopronorites  157,  158,  159,  160 
Neoraistrickia  124,  129 
sp.  129 

Neoraistrickia ?  sp.  126,  127 
Neoschisma 
extensum  54 
simplex  2 1 0 
verrucosum  54 


Neoschwagerina  276 
Neoschwagerina  craticulifera  Zone  1 54 
Neoschwagerina  margaritae  Zone  74,  80,  153,  154 
Neoschwagerina  simplex  Zone  359 
Neoschwagerina  simplex-N.  craticulifera  Zone  153 
Neoschwagerina  Zone  1 54,  267,  355 
Neoshumardites  159 
Neospathodus  cf.  praedivergens  427 
Neospirifer  96,  276,  283,  317 
amplus  93,  95 
foordi  92,  95 
cf.  foordi  92 
grandis  95,  96 
hardmani  90,  92 
moosakhailensis  276 
plicatus  92 
cf.  plicatus  96 
postplicatus  95 
sp.  91,92 
spp.  91 

woolagensis  9 1 

Neostreptognathodus  439,  447 
exsculptus  197,  206 
leonovae  427 

pequopensis  205,  425,  447 
pnevi  76,  92,  197,  205,  206 
sulcoplicatus  206 

Neostreptognathodus  clinei-Mesogondolella  nankingensis 
Zone  427 

Neostreptognathodus  exculptus  Zone  76 
Neostreptognathodus  exculptus-  Vjalovognathus 
shindyensis  Zone  429 

Neostreptognathodus  pequopensis-N.  toriyamai  Zone  355 
Neostreptognathodus  pnevi-N.  exculptus  Zone  74 
Neouddenites  160 
Neozeacrinus  53,  294 
Nepal  243 

Nevesisporites  fossulatus  131 
New  Zealand 

crinoids  293,  300 

Wairaki  Downs,  Permian  geology  235—43 
Newcastle,  coal  measures  1 0,  23,  43 
Niki  Niki-Basleo  region,  stratigraphy  49 
Nodiphillipsia  aff.  ozawai  226,  2254 
Nodosalia  sagitta  225,  226 
Nodosaria 
draperi  185 
rajjaii  180 
springsurensis  181 

Noonkanbah  Formation  54,  94,  95,  111,  180,  181 
conodonts  419,  423, 425,  427-9 
North  Caspian  Depression  328 
North  China 

coal  deposition  381-2 

facies  architecture  and  depositional  systems  376-9 
general  geology  and  stratigraphy  370—1 
higher  frequency  carbonate/coal  cycles  379-81 
lithological  associations  and  stratigraphy  371-6 
Permo-Carboniferous  carbonate  coal  sequences  369-82 
sea  level  fluctuations  380,  381,  382 
sequence  boundary  381 
sequence  stratigraphy  381-2 
systems  tracts  381 
North  Thailand 

Dorashamian  biostratigraphy  221-6 
permianellid  faunas  277 
North  East  Asian  terranes  317-20 
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sporomorphs  37 
Squamularia  grandis  277 
Stacheoceras 
iwaizakiense  1 5 1 
orientate  155 
sp.  151 

Staffella  Zone  353 
Stellapollenites  120 
Stenoscisma  276,  283 
humbletonensis  275 
purdoni  276 
sp.  90, 95,  96 

Stepanovites  137,  202,  215,  216 
dobruskinae  203,  214 
festivus  207,  215 
meyeni  137,  138,  142-3,  215,  216 
Sterlitamakian  90,  91, 95,  112,  205, 425 
Sterlitamakian-Aktastinian,  surface  global  ocean 
circulation  98 
Stictozoster  senticosa  92 
Stipjorus  128 

stratigraphic  boundaries,  major  sequences  74-5 
Streblascopora  exitlis  409 

Streptognathodus  invaginatus-S.  fuchengensis  Zone  198 
Streptognathodus  isolatus  1 98 
Streptognathodus  wabausensis  Zone  350 
Streptorhynchus  96,  276 
costatus  95 
hoskingae  93 
johnstonei  94 
tuluigui  95,  96 
cf.  pelargonatus  95,  276 
perftdiabadensis  95,  96 
sp.  91,92,  95 
variabilis  95 

IStreptorhynchus  spp.  95 
Striatoabieites  118,  120,  124,  130 
Striatolebachites  120 
Striatopiceites  120 
Striatopinites  120 

Striatopodocarpites  fusus  Zone  110,  111 


Striatopodocarpites  sp.  118,  119,  120 
Striatopodocarpites  type  126 
Striochondria  235 
stromatolites  394,  396 
Strophalosia  96 
enantiensis  91 
irwinensis  90,  95 
jimbaensis  92 

Strophalosia  irwinensis  Zone  90,  91,  92,  95 
Strophalosia  jimbaensis  Zone  91,  92 
strophalosiid  sp.  91 
Strotersporites  129 
Strzelecki,  Sir  Paul  Edmund  2 
Australian  travel  3-6 
biography  1-2 
later  life  1 1-13 
map,  sections  and  book  8-1 1 
map  and  geological  concepts  13-15 
Tasmania  6-8 

Stuartwellercrinus  53,  293,  294 
Sub  Angara  131 
Sue  1  109 

Suenosaki  Formation  151-2 
sulcatc  pollen  124 
Sulciplica  occidentalis  9 1 
Sulciplica  occidentalis  Zone  91,  109 
Suo  Terrene  281 

supersequence  boundary,  definition  345-7 
supersequences,  South  China  349-63 
surface  global  ocean  circulation  96,  97-101 
Svalbard  130,  203 
Svalbardia  96 

narelliensis  93,  94,  95 
thomasi  93 

Svalbardia  thomasi  Zone  93 
Sverdrup  Basin  173,  328 
Sverdrupites 
amundseni  160 
harkeri  160 
Svetlanoceras  157,  158 
irwinense  1 58 
primore  198 
strigosum  205 

Svetlanoceras-Juresanites  genozone  198 
Sweetina  137,  215,  216 

triticum  137,  138,  140-1,  215 
Sweetocristatus  427 
galeatus  207 
sp.  426 

Sweetognathus 
cf.  behnkeni  427 
hangzhongensis  76 
inornatus  425,  427 
merrilli  205 
primus  205 

subsymmetricus  76,  78,  208 
whitei  425 
aff.  whitei  427 

Sweetognathus  inornatus-S.  whitei  Zone  425 

Sweetognathus  whitei  Zone  350,  355,  425 

Swine  Limestone  Member  355 

Sydney  Basin  80,  242,  326 

synangium  126 

Synartinskia  158 

Synbathocrinus  53,  294 

campanulatus  elongatus  5 1 
Synyphocrinus  294 
Syrella  occidenta  91 

Tabantaliles  157,  158 
Tabulozoa  393,  394 
Tae  Wei,  fauna  51 , 54 
Taeniaesporites  120,  130 
tacniatc  disaccate  pollen  120,  128 


478 


INDEX 


Taeniopteris  3 1 1 

sp.  cf.  hallei  309,  314 
sp.  cf.  multinervis  309,  310 
sp.  cf.  taiyuanensis  309,  313 
Taeniothaerus 
cf  irwinensis  95 
coolkiliensis  93 
JJetcheri  95 
irwinensis  90,  92 
miniliensis  93,  95 
quadratiformis  91 
roberti  91 
sp.  91,  94 
teicherti  93 

Taiyuan  Formation  371, 381 
carbonate-coal  cycles  379 
type  sequences  378 
lithologies  372-5 
thickness  contour  map  377 
Takakurayama  Formation  283 
Takitimu  Group  235,  236-8 
Talung  Formation  347,  361,  363,  364 
Tapashanites  yaowalakae  222,  224,  226 
Tapinocrinus  53 
Tastubian  95,  1 12,  205 

Tatarian  73,  75,  78,  80,  203,  206,  216,  227,  328 
as  upper  Permian  boundary  247,  250,  262 
palynofloras 

comparison  with  Northern  Hemisphere  Late  Permian 
assemblages  130-1 
composition  1 18-26 
palynology 

historical  development,  Russia  1 17-18 
Russian  Platform  115-35 
palynostratigraphic  sequence  1 29 
plant  microfossil/macrofossil  relationships  130 
surface  global  ocean  circulation  101 
Tatarian  limestones,  geochemistry  230 
Tatarina  126,  130 
Tatarina  Flora  126 
Tate,  Ralph  25-6 
Tauroceras  78 
Te  Mokai  Group  243 
Teluk  Kubang  Badak  41 1 
Tcmpelfjorden  Group  131 
Temperate  water  masses  325 
Tenerella  272 
Tengchong  Block  403, 404 
Teratocrinus  293 

Tern  3,  carbon  isotope  signatures  259-61 
Terrakea  103 
brachythaera  241 
elongata  241 
exmoorensis  240 
verecunda  241 

Terrakea  elongata  Zone  241,  242 

Tethyan-North  American  mixed  fauna,  Japan  282,  284 

Tcthys  53,  54,  87,  103,  153 

conodonts  197,  198,  202-3,  205,  206 
crinoids  289-308 

endemics  293-4 
palacobiogcography  294-9 
permiancllid  associated  fauna  275-6 
stages  as  standard  206-7 
Texaceras  78 
Texacrinus  292 
Thailand  51,  53,  54,  55,  293 
see  also  North  Thailand 
Thalassoceras  158,  159,  160 
wadei  158 
Thaumatoblastus 
longiamous  54 
spp.  54 

Thuramminoides  sphaeroidalis  181 


Tianqiaoling  flora  319 
Tibetan  faunas  3 1 7,  3 1 8 

tide  dominated  clastic  systems,  North  China  376-9 
tillites  327 
Timan  54,  56 
Timor  45-72 

ammonoids  46-7,  48,  49,  51, 52,  54,  55,  56,  427 
blastoids  45,  46,  50,  51,  52,  54,  55 
conodonts  427 

crinoids  45,  46,  47,  48,  49,  50,  51 ,  52,  54,  55,  56,  289, 
291,294,  299,  300 

faunal  distributions  and  comparisons  50-6 
invertebrate  faunas,  history  45-8 
range  corrections  55 
stratigraphy  48-50,  55 
Timorechinus  50,  53,  55,  293 
Timorites  150,  153,  319 
intermedium  150,  151 
markevichi  155 
sp.  151 

takaizumii  151 
yunnanensis  154 
Timoroblastus  5 1 
cornutus  5 1 
coronatus  54,  55 
Timorocidaris  46,  51,  55 
Tingchiashan  Formation  78 
Tomago  Coal  Measure  80,  242 
Tomiopsis  96 
balgoensis  95 
belfordensis  242 
globosus  95 
hardmani  95,  96 
notoplicatus  91 
pauciplicatus  92 
rants  9 1 
cf.  rams  92 
sp.  92 

subplicatus  242 
teicherti  93,  95 
woodwardi  90,  95 
Tomiopsis  unduhsus  Zone  242 
Tompophiceras 
gracile  20 1 
pascoei  201 

Tompophiceras  pascoei  Zone  201 
Tongtzeyan  Formation  361 
Tornquistia  96 
gregoryi  93 
magna  93 
cf.  magna  91 
occidentalis  92 
subquadratus  95 
cf.  tropicalis  93 
Tornquistia  magna  Zone  92,  93 
Toumaisian  402 
Toyazawa  Member  150-1 
Toyoma  Formation  151 
Toyoman  Series  147,  152,  155 
Trabeculatia  243 
Tramway  Formation  243 
Transcaucasia  78,  203,  212 
Transennatia  276,  283,  317 
gratiosus  275,  277 

Transgressive  System  Tracts  353,  381 
?Transition  sandstone  18 
Transpecos  Supcrcycle  74-5,  345 
Treachery  Shale  1 1 1 
Triassic  118,  129,  221,249,  403 
boundary  248-9,  250 
carbonates  253 

conodont  zonation  198,  202,  203,  209 
Lower  359,361,391,396,411 
New  Zealand  235,  239,  243 
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see  also  Permian-Triassic  boundary 
Triassic  reef  ecosystems,  South  China  386,  391-2 
destruction  and  reorganisation  395-6 
evolutionary  development  393-5 
Tribrachiocrinusl  293 
Trigonotrela 
dickinsi  93,  95 
neoaustralis  90,  92,  95 
occidentals  9 1 
sp.  95 

stokesii  18,  22 
victoriae  37,  38,  39 
Trigonotreta  occidentals  Zone  9 1 ,  95 
Trimpemphigus  203 
Triplexisporites  play/ordii  250 
Triticites  402 
Trizygia  speciosa  314 
Trochammina  laevis  1 87 
Tropical  Panthalassan  Zone  284,  286 
Tropical  water  masses  325 
Tsunemori  Formation  283,  284 
Tubiphytes  393,  394,  395 
Tumaroceras  159 
dignum  160 

Tungtzyan  Formation  364 
Tungus  Basin  1 20 
Tunisia  48,  52,  54,  292,  300 
Tyloplecta  276,  277,  283 
Tympanicysta  stochiana  25 1 
Tympanoblastus  54 
Tyoplecta  yangtzeensis  277 

Ufimian  75,  80,  91, 93,  94,  1 10,  1 12,  227,  242,  429 
trans  equatorial  migrations  103 
Ufimian-Kazanian  131,  173,  182 
Ufimian-Roadian  160 
Ulocrinus  293 
Ulocrinus ?  goliathus  292 
Ultra  Tanba  Terrane  281 
Uncinulus  276 
Uncimmellina  sp.  276 
Upper  Cambrian  415 
Upper  Devonian  407,  414 

Upper  Permian  55,  85,  120,  128,  129,  130,  161,211,227, 
411 

geochemistry  227-33 
Upper  Shihhotse  Formation  371 
Upper  Takitimu  Group  236-8 
Upper  Yangtze  Platform  388,  391,  396 
Upper  Yangtze  Valley  347,  349,  355,  359 
Uralian  87 

Uraloceras  80,  158,  159,  160 
federowi  80 
irwinense  158 
pokolbiense  160 
Urals  73,  75,  80,  85,  92,  328 
ammonoids  157,  158,  159,  160 
crinoids  292 
Urals  Foredeep  130 
Urushtenia  277 
aff.  crenulata  276 
Urushtenoidea  276,  283,  317 
maceus  275 

Urzhumskian  1 15,  124,  126,  129,  130 
Uvanella  394 

‘V alidopleris  ’  sp.  3 10,  3 14 
Van  Valen’s  law  53 
Ventralvittatina  124,  129 
elegans  124,  125 
vittifera  124,  125,  129 
Verbeekina  276 
verbeeki  151 
Verkhoyansk  Coast  328 


Vertebraria  309,  314 
indica  314,  315 
sp.  309,314 

Vescotoceras  japonisum  1 5 1 
Vesicaspora  122 

aerifera  120,  121,  122,  128,  129 
ex  gr.  magnalis  120,  121,  122,  128 
magnalis  122 
ovata  122 
potoniei  122 
wilsonii  122 
Vetlugian  120,  129 
Vetlugian  Formation  118 
Virgilian  447 
Visean  402 
Vitreisporites 

pallidas  120,  121,  122,  131 
signatus  122 

Vittatina  120,  122,  124,  128,  129,  130 
costabilis  122 
elegans  124,  129 
subsaccata  122,  126,  127 
f.  connectivalis  124 
P/Harmo- Assemblage  130-1 
Vittatina  complex  1 1 8 
variations  122-4 
Vittatina  type  126,  128 
Vjalovites  shindyensis  427,  435,  448 
Vjalovognathus  9 1 ,  92,  197,  214,  422,  435^41,  447 
australis  sp.  nov.  422,  425,  427,  429,  431-3, 441,  444, 
447,  454-6 

biogeography  and  palacoclimatogy  429-30 
origins  and  evolutionary  trends  447 
shindyensis  92, 425, 427,  429,  430-3,  439,  445-6,  447, 
448-54,  448-51,  454,  456,  458 
sp.  nov.  A  429,  431,  453,  455,  456-8,  457 
truncation  of  oral  surface  denticles  441-7 
Volga-Urals  region,  geological  structure  227 
Vyatskian  115,  124,  126,  129,  130 

Waagenina  159 
Waagenites  78,  276 
deplanta  276 
sp.  96 
stani  95 

Waagenoceras  77,  78,  153,  154,  198 
as  traditional  boundary  207 
longyannensc  154 
sp.  151 

Waagenoceras  Zone  155,  207,  209,  210 
Waagenoconcha  96,  276,  283 
imperfecta  95,  96,  275 

Waagenoconcha  imperfecta  Zone  95,  96,  243 
Waagenophyllum 
indicum  276 
aff.  virgalense  224,  226 
Wagina  Formation  91 
Wagina  Sandstone  1 09 

Wairaki  Breccia-Conglomerate  Formation  235,  239,  241, 
243 

Wairaki  Downs  235-43 
biozones  240-1 
correlations  24 1  3 
previous  field  studies  235 
revised  interpretation  236 
stratigraphic  sequence  236-9 
structural  summary  239-40 
Wairaki  Downs  Group  238 
Wairakiella  235 

Wairakiella  rostrata  Zone  241 , 243 
Wandagee  Formation  51,  53,  93,  299,  423,  429 
Wanner,  J,  45,  46,  47,  49,  54 
Wardlawella  expansa  205 
Wargal  Formation  74,  78,  79,  80,  292,  293 


480 


INDEX 


warm  water  gondolellids  202 
Washley  Formation  243 
water  masses 

nutrient  traps  324,  335 
Permian  reconstructions  326-9,  332-40 
present  day  323-6, 328,  329-31 
temperature  salinity  effects  323,  324-6,  334-5,  337 
upwelling  zones  324,  325,  338,  340 
Weetwood  Formation  239 
Wenbishan  Formation  1 54,  364 
Wentzelella  sp.  276 
Werrihpf1  fiorpe  ^4  35 

West  Langkawi  terrene  405, 406,  407-9, 411,  413,  415-16 
West  Timor  see  Timor 
Western  Australia,  water  masses  327 
Western  Australian  marine  Permian  87 
ammonoids  158,  159,  160,  161 
and  Pangaea  96,  1 03 
basin  stratigraphy  88 

brachiopod  zones  and  correlations  89,  107 
brachiopod  zones  and  species  90-6 
conodonts  419-61 

correlation  with  Permian  oceanic  surface  currents 
96-103 

correlations  249,  250 
crinoids  292,  299 
faunas  87-90 

see  also  Bonaparte  Basin;  Canning  Basin;  Carnarvon 
Basin;  Perth  Basin 
Western  Australian  Permian 

palynological  correlations  107-14 
sedimentary  thicknesses  1 1 2 
stratigraphic  units  and  palynological  zones  108-1 1 
western  North  America,  water  masses  327-8 
Westphalian  309 

Westralian  Permian  Provinces  87,  96 
Wet  Temperate  water  masses  325 
Wet  Tropical  water  masses  324-5 
Weylandites  120,  124 
sp.  nov.  124,  125 
tataricus  124,  125 
Weylandites  type  1 29 
Whispakia  276 

Willis  Ranch  Formation  78,  207 
Wimanoconcha  imperfecta  95,  96 
Wimanoconcha  imperfecta  Zone  95,  96 
Wittingham  Coal  Measure  80,  242 
WMC  Fennel  1  429 
Wolfcampian  48,  56 
Wollongong  19,  20 
Womiusi  Formation  402 
Woodada  2  core 

carbon  isotopes  254-5 

carbonate  and  kerogen,  carbon  isotopes  255-6 
compound  specific  isotope  analysis  258-9 
hydrocarbons  256-8 
rock  eval  pyrolysis  256 
Woodada  3  91 
Woodocrinus  cometa  293 
Woolaga  Creek  90 
Woolagia  playfordi  91 
Wooramel  Group  92,  109,  110 
Word  Formation  207 

Wordian  Stage  48,  50,  52,  53,  54,  55,  56,  74,  76,  131 
ammonoids  207 
brachiopods  242,  275 

conodont  faunas  207,  210,  212,  214-15,  216 
crinoids  292,  299 
Lower  137,  138 
Upper  137,  138 

Wuchiaping  Formation  347,  353,  361,  363 
Wuchiapingian  Stage  54,  55,  74,  76,  78,  153,  155,  361, 

363,  366 

brachiopods  242-3 


crinoids  291,  294,  300 
reefs.  South  China  391,  394,  396 
Wuchiapingian-Changhsingian  crinoid  localities,  Tethys 
298 

Wye  Worry  Member  95 
Wyndhamia  96 
hlakei  240 
clarkei  242 
colemani  92 
cf.  colemani  96 
multispinifera  93,  95 
sp.  93 

Wyndhamia  blakei  Zone  242 
Wyndhamia  colemani  Zone  92,  96 
Wyatkina  216 

Xaniognathus 

abstractus  212,  215 
spp.  212,  215 
sweet i  433 

Xar  Moron  River,  Lower  Permian  faunas  319-20 
Xenodiscus 

cf.  carbonarius  152 
subcarbonarius  155 

Xiaodushan  section,  Carboniferous-Permian  boundary  353 

Yabeina  206,211,276 
Yabeina  gubleri  Zone  1 54,  359 
Yabeina  shiraiwensis  Zone  151,  153 
Yabeina  Zone  74,  80 
Yakhatashian  see  Artinskian 
Yakovlevia  276,  283,  317 
Yaktashian  159 
Yanbian-Sikhote  area  320 
Yanghsing  super-sequence  349,  353-9 
fusulinid  genozones  355 
sea  level  changes  364 
Sequence  2.1  355 
Sequence  2.2  355 
Sequence  2.3  355-9 
Sequence  2.4  359 
Sequence  2.5  359 
Sequence  2.6  359 
unconformity  353-5 
Yanghsingian  Series  347,  349,  363,  364 
Yangtze  Platform  391,  394,  396 
Yangtze  Sea  basin  348,  349 

Lopingian  Supersequence  cross  section  359-60 
sea  level  changes  362 
Yanji  area,  Early  Permian  faunas  317 
Yanji-Khanka-South  Primorye  Terrane  317,  319,  320 
Yichangian  78 
Yochelsonia 
stehlii  95 
thomasi  93,  94,  95 
Yuanophyllum  402 
Yuegui  Sea  basin  348,  349,  361 
sea  level  changes  362,  364 

Zechstein  Basin  15,  17,  328,  336 
Zeugophyllites  elongatus  16 
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